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Proface

The work described in this report was performed by the Space Sciences Divi-
sion of the Jet Propulsion Laboratory.
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Abstract

A urinalysis for t'alt'ium, t.reatininc, a:_d crcatine is perfornled four times daily
in a 15.1b automated dlemie'_l laboratory. This analysis is performed once daily otl
standard solutions. The instrument contains a fluoromett, r for the calcium ana-

lyzer, and a ngd_elometer for the ereatine and ere_.tinine analyzer. The instrumel_t
also contains the electronics to perform logic sequencing, data acquisition, data
storagc, the power supplies, and the analyzer amplifiers. All the chemicals re-
quired for 150 analyses of ead_ constituent (a total of 450 analyses) are stored
within the instrument, which is designed for a 80-day orbital spacecraft mission.

The in:_trument system and the various subsystems' design configuration needed
to meet th,_ scientific experiment and flight-program constraints are discussed in
this report.
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Bioengineering in Space-
The Biosatellite Urinalysis Instrument

I. Introduction of data anticipated by the Biosatellite project. Results
obtained from projects Mercury and Gemini provided

One of the majer unknown factors in the development some information on the effects of weightlessness on man

of long-range manned orbital and extended space co- for limited periods of exposure. However, the results
vironmental flights is the effects of weightlessness on obtained from flights of several days to flights of several
man's psychophysiological system.,. Since man himself weeks cannot he extrapolated with certainty. A program

_ cannot be fully instrumented to determine these effects, of prolonged exposure of the hiologieal system for l(_ng_7_'I1,_ a program of biological experimentation has been estab- periods is required to understand the
strc_xt,_ on lnail

,,,,_ fished to increase knowledge of environmental effects_-,:_ and to define the man-support requir(,mt,uts during
_,;i_]" upon the physiological system. Through the use of pri- future space missions. A progn:nl of experiments with
_ mates and other organisms, information can be obtained biological material exposed to such environments from

relating the effects of weightlessness and other environ- 3 to 30 days would be a meaningful step toward future
mental stresses to the physiological response. Sensors can progress it i manned space flight. The overall objective
be implanted in specimens to indicate the state of the of the Biosatellite project is the launch, orbital Ol)eratiou.
central nervous system, the cardiovascular system, res- recovery, and post-flight analysis of a series of biologi<,al
pirati" n, body temperature, and the nature and degree experiments in an earth-orbiting space environment.
of hormone response. These experiments would provide data for the determina-

tion of the effects of weightlessness, combined radiatiou
and weightlessness, and removal from other earth in-

II. The liosatelllte Primate Experiment fluences upon hiologieal specimens for periods of from

Efforts have been made during the past few )'ears to 3 to 30 clays.
conduct a series of biological experiments in the space

_ ,,,_,_ environment. These programs, which included the Bio- The 3O-da)' biosatellite primate experiment deals with
;z'_7I logically Instrumented Orbiting Satellite (BIOS) and the influence of weightlessness on a whole organism as

?,l_,,j Di.woverer flighls, did not provide the quantity or quality complicated as that of a monkey. The ma('aqu(, (pigtail_
! , I
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monkey was selected for this program bec,auw of his The first stare of tile vehicle consists of a Thor vehicle,
"_7,: l)hvsiea} size, the ease with whic,h he may be trained, his augmented with strap-on Thiokol TX..q3-52 solid boosters.

I!: ,e:

¢i adaptability to the environmunlal conditions, his general The seumtd stage is the "improved" Delta. The spacecraft
personality trails, and a basic mctabolisn: whieh fits is ent'lost,d in a Nimbus fairing, which is n mdifit,d for

_i_i • ,,_,::_ within the vt,hlcles c.onstraints. The fmlr systems being final aucess to the spaeeeraft for ¢,ool_uatumbilical pull.
,i'_:!;I examined during the mission are as follows: away:, and for quick installation after experiment package
2 insertion.

" :'"_: (1) The nervous system.

t2/ The cardio_ascul;u" system. A special biosatellite attach fitting interfaces the spaee-
c'raft with the launch vehicle. Separation is accomplished

(3) The skeletal system, by springs restrained with explosive nuts built into the
(.if The muscular and renal systems, attat'h fitting. The atta,,.h fitting has modified panels to

reduce resonant vihrations,

This report presents a detailed description of the in-
strun'wntation required to monitor the fourth experiment The spacecraft configuration consists of two m_tjor
listed alcove. Dr. Nello Pace, of the University of Gall- sections: (1) the reentry vehicle,, and (2) the adapter
fornia. Berkeley, and l)r. Joon Rho. of JPI, are the in- section. The reentry vehicle is that portion of the space-
vestigators collahorating on the Pace/Rho primate craft eontaining thereeoveralde experiment c_,,psule, and
urinalysis experiment. The purpose of this experiment is deorbit and recovery subsystems. The adapter section
to determine the urim:r.v excretion rates of calcium, contains all of the equipment not required fur the de-

orbit, reentry, or reeover.v of the experiment capsule. The(.reatine. and creatininc. To accomplish thls, it is neees-
sarv to measure the calcium: creatine, and creatinine major components of the spacecraft are the forel)ody,

com.entrations in urine sample aliquots collected during recovery capsule, thermal cover, thrust cone, "rod the
suc.t.essive 6-h intervals throughout the entire 30-day adapter seetioli (see Fig. 1).
flight. Flight data are teler'_etered. Pre-flight, flight, and
post-flight data enable the evahmtion of the effects of After separation of the spacecraft from the launch
weightlessness upon these three metabolic constituents, vehicle, the angular rates are sensed 1)y rat(, gyros and

eontrolk, d with a nitrogen cold-gas reaction jet system.
Durinl_ the orbiting phase, the angular rates are main-

A. Pace/Rho Experimen* Rationale tained sufficiently low so that the accelerations to which

At the inception of the Biosatellitc program, Dr. Pace the experiments are subjected are below 10 _ g for 95'_
proposed to return frozen urine samples for analysi._ after of the time. and below 10 _ g for the remaining time. In
vehiek, recovery. Detaded exrmination of the require- otl,er words, the a:titude control syst(,m merely prevents
ments and vehicle eapahilities showeti an inadequate the vehicle from rotating faster than approximately once
prover capacity to mair, tain the urine in a frozen condi, in 20 rain.
tion if the reentry vehit,le iaad to survive for some time in

the ocean, th,r, ee. the experiment was temporarily set The 30-day mission utilizes a Gemini.type fuel eel! as
aside, l,ater. NASA requested JPI, to develop an anal vti- the prime source of power. A backup battery is provided
eal laboratory ¢'apa|de of performing analyses of primate to permit recovery of the c,apsule in the evtm of tot:d
urine in flight during the Biosatellite D and F missions, fuel cell failure.
To meet this requirement, and an abbreviated develop.
merit time schedule, the experiment was designed to per. For reentry, the spacecraft tnust be aligned prt cisel,v
form in-flight analyses for calcium, ercatine, and to it'; orhital path. facing lmckward and pitt,heal down-

erealinine/'or the duration of the flight m'ssion, ward 36 deg. For this, two infrared horizon scanners
a,gn the spacecraft ia pitch and roll to the deorb!t atti-

B. Spacecraft Conditions and Environment tude. For yaw, a magnetometer senses the earth's mag-hi, tic field. (;round commands transmit data to bias the

Th:, S(I-d'xy Bic),_atellite flights utilize a two-stage, magnetonwter to the diret'tion of the earth's ma_netie
thrust-augmented ii_q_roved Delta launt,h vehicle. This field lines at the geographit.al point of rr.trofire. The
vehi(le i_ th(. hi_h(.r-t)(,rf(Jrvnl,r,(.u lontt,.tank DSV-SN magnetom,.ter is used as a reference to line up the spat(,.
ver_icm, t'raft in yaw with its orbital path. With tlm r(,q:d_ed

2 JPL TECHNICAL REPORT32-1400
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THERMALCOVER

HRUS

RECOVERYCAPSULEFOREEODY

Fig. 1. BiosateUite spacecraft-exploded view

deorbit attitude achieved in all three axes, the reentry as a sweeping sinusoidal acceleration between 10 and

vehk,le can separate from tile adapter section, and spin 2000 tlz. The range of from 14 to 40 Hz is at 5 rms g,
up and fire the retrorocket to initiate the reentry increasing in amplitude between 40 and 62 Hz to a level
sequence, of 12 g and remaining at 12 g from 62 to 2000 Hz. A

random noise test w-ith white Causslan acceleration of

C. ExperimentalConditionsand Environment 19.4 g total rms is required. Flight hardware is tested at
60'; of these values. The experiment is subjected to an

To maintain the simplest, launch vehicle mechanical acceleration pulse (shock) of 50 g peak and duration of
interface, the Pace/Rho experiment is mounted on a 1 ms This pulse is applied three times along each of the
thermal control plate. The return coolant from the fuel orthogonal axes. In addition, the package is temperature-
cell flowing through this plate maintains the experiment cycled several times between +40 and +125"F. It is
temperature at a design temperature range of +42 to subjected to a thermal vacuum test of 79. h as a part of
+85"F, with a maximum rate change of l°F/min. The the total testing, and is operated for 300 cycles, less the
exp(,riment package is attached to this plate by four number of test cycles already encountered in the earlier
bolts. The remaining five sides of the package are en- portion of the test program as a part of the endurance
dosed in superitas_:lation consisting of 28 layers of test. The thervnal vacuum testing subjects the package to
alminized Mylar film. The total emissivity of this en- 10 ' tort for 24-h. The instrument case is allowed a maxi-
closure is 0.0l, which, in essence, says that the total heat mum leak rate of 0.6 scc/min.
flux _enerated within the Paee/Rho unit will be con-
ducted away by the thermal control plate. Other require-
ments are shown in Tables 1 and 2. Table 3 presents a Upon completion of all testing, the instrument is in-
summary of the instrument components, spected, operated, and subjected to the various appli-

- cable operational accept_mce test procedures required to
The experiment package must "_,ecapable of meeting verify that the unit is in an acceptable operating 1

various environmental test conditions prior to being condition.

accepted as flight-worthy cq_ipment. Static accelerations
are the environmental tests performed-to simulate, the

P Experiment Controls ff
laun('h conditions. This test consists of applying 19..3 g
parallel to the thrust axis and 3 g in the other orthogonal 13uring fli_,ht, the instrument is required to p,.,rform a
axes. The various le-'els of vibration can best be defined daily calibration of itself with an internally supplied

JPL TECHNICAL REPORT3_-14:00
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Table 1. Experimentinterfaceconditions at the same time intervals, l),,viations between the

'-' :l,q'(tulldand tit(, in-tlight analys(,,_of Ill(' (,alibrati(m fluid
Mechanical ,fit' used tO modify the ealihration evl'ves of the instru-

Volume 330in.' m('ntand/or to performin-flighttrouhh,shooting.The

Sh.,p_ SS x e_0x m.0i,. _round controlsarem:fintainedata telnpcratln'eprofile
similartotlmtac.tuallyexperiencedin the flightunits.

Weight 15.0Ib The temperattu't,profih,isupdatedfourtimesa day to
Mounting Four.pointattachmentto thermalcontrolsurface simulate the temperatureeffec'tsexperiencedl,y Ill('

Connectors Twoelectrical,twofluid,ace gaseous fluklsin qu, experimentpaukage.Allof the solutions

ttearlc.I used for in-flight analyses are maintained and ust.L_d; "-
inRtheground-uontrolanalysestoestablisha l)ast, line.

Power 6.5 W avg; 12 W peak

Vottage 26 . 5 vet fromfuetcan E. ExperimentChemistry-- Urinary Calcium Assay

Signals Isolatedfrom fuel cell and each other The calcium eon(.entration is measured by fluoromet_,.
timing commands 1 mln, $ mln, 1 h, end 24 h The (.ak.ium ion combines with 2, 4-his-[N'N-di-
Event commands Urine delivery when urine is delivered (earhoxymcthyl)aminomethyl] fluoreseein (ealeein) tc,

Telemetry command ON signalwhen communicatingwiththe form a fluorescentcomplex.The call,lureanalysisof
groundstataan primate tu'ine is performed by adding a measure(1aliquot

of Ill(, urine to a solution of caleein in 0.45 N KOI-I and

Flu:J 0.30 .Mpotassiumcitrate.Caleeinpossesseslittlefluores-

Urine transfer Failsafedeliverythroughunit cencein0.45N KOH, and fluorescenceisgenerate(lonly

Urinevolume I0 ml aliquots,bubble.free I)V ealeimn,]mrium,orstrontium.Barimn antistrontium
cannotbe distinguishedfrom (.alciumin thisreaction:

Reagents All self-contalned within unit
hou'ever, their presence in any natural urine was found

Reagent refill Through septum accessiblefrom outside the •
to he negligible.Other ionspresentin urine,such as

spacecraft potassium, sodit,.m, magnesium, and chloride do not
oQs interfereinthiselir_ngc,nordoesprotein.Both mona-

and di-ealeiumeomplcxt,_are formed,with the latter

Nitrogen Lessthan0.1Ib/month for makeup volume 1)ehlg the fluorescent species. Because of the nature of
L;mitations Fail.safeN_shutoffc.t supply thisehemic_lreaction,thecalibrationcurveislogrithmie

therme| over the ranl_e of interest. Since this reaction occurs
between the calcium ion and the dye. the calcium ion

Range:nternal 42to SS°F she.uhl he madr, available to the dye hy preventing its
Range external --30 to +I00'e precipitationfromsolutionaseitherorganicorinorganic

insulation 28 layersaluminizedMylar,superinsulation compounds.Thisassayisgreatl:,'improvedinthisaspect
e< 0.01 bv achlinRpotassiumcitratetothereagent.Fluorescen_e

isoptimallyexcitedby a lightat4g0ml,,wavelength,with
DataSystem theemissiondetcetedatrightanglestotheprimarybeam

Readout Synchronouswith telemetry commutdtorscan; ;It520 mlt.

12_.'sbits/s

Words 9.-realtimeL-engineer|ngdata Tilerangeofcalciumnnal)'sisinthebiosatelliteexperi-
7--stored for nondestructivereadout merit isfrom 0.5 to 9.(1mM/I of primate urine. To cov('r

Format 7 bitsper storedword such a wide rang- of calcium concentration, the ratio of
7 timesamplesper real.tlme(analog)word the urinesample to the reagentconcentrationisfirst

-- i

selected to provide a Ininimum dynamic range of 0.5 to 1

,3 mM concentration of calcium. If the analyzer deter.
ealibraHon sohttion that establishes a known operating mines that the eoneentration of caleil,:n is in excess of

" point within the almlyzers and throughout the electronics 3 raM. it performs a se(,ond analysis 1)y diluting an
and data hatJdling system. This calibration point is corn- aliquot of the fluorescent mixture with Fresh re.gent. The

;,".i pared with data gathered from startdard laboratory ratio of the mixtltre aliqttot to the reagent is Sllch that a

analyses of tile same calibration solutions, on the ground, minimum d.,,lmmie range of 3 to 20 mM (,oneentration of

4 JPt TECHNICAL REPORT32-1400
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Table 2. Pace/Rhofluid storage-bag requirements
I

Amount/sample, Total volume

Type of test No. Tests ml Samples/test Cr and Cr Volume, ml 10% Pad, ml required, ml

Calcium

Calibrate 30 (J.0133 1 3.99 0.40 4.39

Calcein 150 0.0701 2 21.03 2.10 23.13

0.12N HCI 150 0.23 2 69.00 6.90 75.90

Creatine-Creatinine

Calibrate 30 0.0133 1 X2 7.98 0.80 8.78

H_$O, 150 0.0701 ! X2 21.03 2. I 0 23.13

Picrlc Acid 150 0.23 3 X2 103.50 10.35 113.85

NaOH 150 0.0367 I X2 110.10 11.01 121.11

Total fluids 336.63 -I- 33.66 = 370.29

Assumptions:

1. Waste pump displat s 0.23 ml stroke.

2. Tt,'-t cell volume !0.109-in. ID X 0.S0-;n. long) : 0.08'14 m_ f20 turns'.

3. Calibrate and urine sample volume_ = 0.0133 mi (3.2 turns).

4. Calcium test is aiwoys double dilution.

5. Fluids needed for 30 days at 4 urine and I calibration per day.

6. Fluid storage contair..ers to have 10% volume reserve.

7. Creatlne and creatlnlne fluid requirements are identi:_l.

8. Picric acid is u_ed as the creatine.creatinine rinse solution.

9. HCI is used as the calcium rinse solution.

4i- • -_ ...... ,...... , ........... T............. _-r ....... -i Table 3. Instrumentcomponentsummary> C©mponents Quantity

_11-- CALIBRATION

[ LEV[L Electronic discrete parts 880
Electronic integrated circuits 402>o
Motors, dc 8

_ Fluid pumps 2

Valves, rotary and check 10

Switches, m_chenical 17

;0*1 2 4 6 100 2 4 ¢, 101 2 Light bulbs 4

Co°_ CONCENTRATION. mM Temperature sensors 5

Fig. 2. Calciumcalibration Optical system: 4
Fluids (H.*SO,, HCI, NoaH, etc.) 7

Printed circuit boards 34

calcium is provided. The calibration curve is shown in Welded modules 9

Fig. 2. S.Jickmodules 23

Gear trains 8The method is not too precise at thtr O.5-mM coneen- "
tration level. The reproducibility and precision of measure-
ment incrt,ases with increasing concentration. At a mean however, indicate ;I relativ(;ly small valu(- of percent

:_._tol value of l-mM calcium, a 3U dcviaHon is not(,d. This dc,viation (1 to 1.5',; ), and tht,it co,,fidene,, lt,vcl is welldeviation incr(,ascs to 8_:; as the concentration is de- within 95';. Tim (,xperimental results of th(, rccow,rit,s

!_":'_:......* _1 e_cascd to 0.5 raM. The ar_al_st,s of 2- and 2.ram calcium, obtained with wlrlous amounts of calcium added to

! , i JCJLTECHI,ilCAL REPORT32.1400 5
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primate urines indicate that the recovery is mostly over not proportionately. Approximately a 0.5_,/ increase ill
05(; and suggest tht, method to be highly accurate, absnrl)ance for each degree e(,,Itigrade increase is ob-

served over the range of 32 to 37"C. The _lor intensity

of alkalinc-ereatininc-picratc incrca',es with decreasing
F. ExperimentChemistry-- Orinc:ryCreatinineand

pll, whereas that (ff alkalinc-picrate ,Iccreases with de-
Cr_atiqe ,_ssay creasing pll.

The creatinine (.oneentration in primate urine is deter-
mined in an aliquot mixture of the urine with an alkaline The conversion of crcatine to ereatinine is accom-
picratc solution (Jaffe reaction) hy colorimetry. Then plished by hydrolysis in strong sulfuric acid. The strength
crcatine is dctcrmincd I_y first convertin_z it to creatinine of the acid necessary to bring about conversion depends
lw heating in an acid (II:SO,) solution at 100*C for upon the period of heating and the temperature. For _
25 minutes. This solution now contains the original ere- 25-mEn heating at 100°C in 4N sulfuric acid, tilt, quantity
atinine plus the creatim, hydrolyzed to creatininc. This of creatine converted to creatininc is more than 95",' . If
solution is then assayed for its total creatinine concentra- the strength of the acid added is decreased to 2N, the
Lion. This value of creatinine represents the original ere- conversion will only be approxinlately 80 to 85f,;.
atinine plus th(, converted cruatiue (multiplied by the The conversion of cre,atine to creatlnine, using 4N sul-
conversion efficien('y of the conversion reaction). The con. furie acid, was found to be insensitive to temperatures
verted cre;_tininc is tl,'l_ calculated by subtracting the over a range from 95 to 121"C. The calibration curve is
value of the original ereatinine value determined by a shown in Fig. 3.
similar assay performed without the he_ting (hydrolysis3
step. The concentration of ereatinine is measured hy The overall precision of the method for the creatinine
measuring the optical density of the test solution after concentration range is approximately _5c_ and, except
the Jaffe reaction is completed. The difference in the for concentrations less than approximately 6 raM, _3'_
optical density of the reaction products obtained for ere- can be routinely obtained. For creatine, which is normally
atinine xxith and without the heating step is attributed present in urine in nmch smaller amou,,ts than creatE-
to the present'e of the urinary ereatine. The reagent solu- nine, the precision is much less. The recoveries of added
Lions used consist of 4N sulfuric acid, 1.5N sodium hy- creatinine or creatine from primate urines are mostly be-
droxide, and 0.03 M picric acid. tween 93 and 95' ;; this indicates that the method is

reasonably accurate.

A urine samph" i._ analyzed by mixing it first with sul-
furic acid in a ratio of 1 to 5.4, and then by adding G. Experiment Implementation

17.6 parts of sodium hydroxide and 16 parts of picric Consider the single-step chemical analys',s used to
acid. After mixing, the absorbance of light is measured assay calcium b, asing calcein reagent. (It is assumed
at 490 mt_. The range of ereatinine analysis in the Bio- that the various solutions arc pre-mixed and of known
satellite experiment is from 3 to 25 mM and the creatine
from 3 to 20 raM.

6 .............. 1-.......... r .................. r---...... ---T ....

Among the variables involved in the ]affe reaction are
concentratiol, of picric acid, temperature, and pll of the
reaction mixture. The optical density of the reaction >• " 4

product was tound to be sensitive to the picric acid con-
centration for a picric acid-to-creatininc ratio less than 4.

This effect is avoided in the present method hy keeping
the pectic acid to creatinine ratio equal to. or greater
than, 8. The developed color is then independent of the 8 -
petrie acid concenhation for all creatiuine concentration.,; t
up to 60 raM. The temperature during color development !
is immaterial hetween 15 and 35"C. but the temperature l _, L L J
of the solution while it is being read is important. As _0 z0 30 4o
teml)erature is increased, the al)sorbances of alkaline- crtArlnlntconcenteAnon.

_j
:! pierate and alkalitle-creatinine-picrate both increase, but Fig. 3. Creatinine colibration
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strength and that the readm,l instrtlnlent is suitably uali- is req,ired to tarry all of the fluids, a fluid-samplin._
l_rated.) In the eonventional hdmratory, the specific de- system for eolh.uting the urim, sample, the ere;dim....
tails in performing routine slups, such as melering, erealinixle mlalyzer, eak'ium an,dyzer, suitable logiu st-
mixing, heating, liming, standardizing so}ulions againisl qllt.n('(' v,,lworks, a power converter which eonw.rls raw
kuown sohflions, rinsing, moving, or dilution solutions, power fi-om a hydrogen-ox._gen fuel cell contained in the
ere.. are laken for granted when the experimenler says: adapter section, and :1data-handling system. A view of a
"Mix metered solutions of A and B, lhun quantitatively cowHdetc,d flight instnmwnt is shown in Fig. 4.
determine the fhnoreseen('eot the reaction products in a

fhmrometer." "l'l,e /euhnit'ian, in porforming lint, typical This figure sliows the fluid slorage containers, int.lud-
lalmralory an,'dysis, must first Dick up the test tube, mea- in_ eollapsilde silastk, ruhlwv" l_atr,s storing the various
sure a specific volume of urine into the tt,st tuhe with a ealibration, rinse, and reagt.nts needed to perform the
pipette, then add a known volumt, of ealt.t.in reagent with analysis of uMcium, and a supply of erealine and (.reati.
another pipette. It(' must then agitate the two solutions nine for flight missions of 30 days. The urine samph.
hy shaking the test tube. At this point, the reaction is ac.cmntglrtor system shown in Fig. 4 at'qltires, stores, and

eomplete; however, to as:uw the reaution, he must first delivers urine to the analyzers upon command. Tht,
place a _est tube containing stock solution (ealeein) into ereatine-ereatinin(, analysis is performed within the
a fluorometer and measure its background fluoreseenee. (.realine-ereatinine analyzer block and eleetronie clmssis

The sample solution is then plaeed in the fluorometer subsystem, which contains the test tuhe, fluid-meterin_
and its fluorescence read. After taking the different.e of equipment, thermal control heaters aml electronic.s, c'ob
these two readings and eomparing to the calibration orimeter ele(.tronies, light soe,rt.e. and filters. Components
(,urve, the calcium cont,entration present in the sample in the eal(.ium analyzer ar_, functionally the same as in
would then be known. After determining the eoneentra- the ereatine-ereatinirw analyzer. Other views are pre-
tim,, the technician then empties the tubes into a waste sented in Appendix C.
container, washes, rinses, anad returns them to a drying

rack for use in sueeeeding anal,vses. I. Analyzer Description

At the inception of the program, the r(,alization that all
In automating these anal:,'ses for flight, however, the

fluids must be earrie',l within the experiment p:wkage forinstrument designer must consider all of the details in
the sequential :rod parallel steps neeessary to hnple- tile performanc.e of all anal,vses dictated that the analyzt, d
ment tilt, analysis (st,,,- Appendix A for the sequ,,nee of sampk, must be quite small. To do this requi'ed the
steps used in this expt,riment). The engineer must utilization of existing techniques, as well ;,s the develop-

ment of new methods t'or inert,ring, mixing, and optic,a|
evaluate the thermal exehange requirements of the ex-

" " pertinent and make suital)h, alh)wanees in the thermal readout of ver.v unnail chemical :;amples. This resulted in
',, controller design to maintain tilt, proper temperature a test (,ell of 83-;,! volume. Sin(,e the test cell must be

reusable, it must be adequately rinsed after eac,h annlv-control with adequate safety margins. Oth(.r factors must
"_ also he (.onsidered. For example, the temperature stability sis. As a result, the rinse solution is the single largt,st
,.,: versus time of each of the solutions must be known to fluid w)lume required.

,,_ allow sel(,etion of the proper te,-perature control of the
°_ stored fheids. Tint' temperature sensitivity and time de- Betqilns(, eolorimetrie and fhmrometrie analyses are

pendeney of the reac.tion must he known to permit required, it was desirable to make the main avmlyzer
proper design of the eirt,uits controlling the test and ref- blot'ks int,,'rt,ha_gealde its far as possible. As a result, the
erelwe cell temperatures during the analysis and data unused deice.for ope_finKs in the block _,,reutilized as

,_: re:tdout. ']'lm dead volume of the analyzer and ass()eiat(,d viewing ports to observe the proper functioning of the
I_lumbing enustbe known, and it_ effects upon tilt, anal.v- light source, vnanipulatiow of the fluids by the test ('ell
sis accuracy and repeatability midst lw determined, piston, and to monitor the presevwe of huhl_les.

q

The analysis is performed in , i ,rex glass test cell
_ H. Unlt Configuration 0.109..in. inside diameter 1)v 0.5(X)-in. long. The tell is

Tilt' instrument is a 13-ll), 330-in.' l)aekagt , h)t,att,d in one of several (,levnevnts (,Oral)rising the optical sxst(,vnv.
the adapter section of the vehit'le. The instruments' major Central to the optical system is a miniature, t.'ut,ste.

', components are shoxvn in Appendix B. The (,xperivn(,nt filament li_,'ht sou,'ee (l'inlite 60-25_. l':xt.it;dion of tl,'

JPL TECHNICAL REPORT32.1400 7

.... :, _(

- " r III I . ..,, I .] 11[ I/

_: ......................._ '-:--_': .............. -- .................._,,-,,----"..............................._...... '_-:-'.......... _ ............. _...... _ ..- t " j ._ll

.......... I ! _ ....... _...__L'_.... I

00000001-TSC06



URINE SAMPLE CREATINE- CREATININE
ACCUMULATOR ANALYZER

SYST_'M__

. . luz 'p -

_1, .I _ IJdIL, "

L _

lw"

LOGIC
SEQUENCERS

LUID STORAGE

CONTAINERS 0 1 2 3

POWERSUPP I I I J
INCHES

Fig. 4. Components surrounding the power converter ancl sequencerelectronicschassis

test and reference cells is provided by filtering this hleally, a mechanically or optically switched dual-
illumil,ation through Coming glass filters tailored to beam colorimeter or fluorimc,ter with a single excitation
meet the spectral bandwidth and tra_ismission character- source, filter set, and detector would form a superior
istics needed for the specific analysis. The light trans- system. The existing system constraints prevented use of
mitted through the cells is then detected i;y the photo this technique. The detectors are picked for maximum
detectors (Clairex 903N). For fhtorescenee measurements, scnsitivit.v in the 490- to 520-mtt range and a minimum
the detectors look at the test and reference cells through ehangt, in sensitivity versus temperature from 40 to
band-limitt,d filters designed to attenuate the excitation I(}0*F. From pre-selected detectors, matched pairs are
and transmit the fluorescence emissions from the cells, assemldcd for optimum temperature versus resistance

The impedances of the t_,st and reference detectors art, tracking propt,rties. The amplifiers measure typical im-
eompart, d in an operat_otml amplifier feedback circuit, pedance variations from 2.50 to 50 M_I.
The colorinr'tcr (crcatine--creatinine) circuit is a ratio
c_mfiguraticm wht,rcas the fluorimcter (calcium) is a dif- To improve reliability and minimize the logic and

'/ Jt'l't'lW('(,oufiguratio,I. Tlwse configurations were chosen sequencing requiromcnts, the calcium analysis _.nd the
to maximizt, the data range and yet provide adequate creatinc-creatininc analyses are performed in individual
at'curacies iu the presence of optical and electronic varia- analyzers. The analyzer test cell is instru,Lnented to pro.
tion_. The rt,lative detector drift is minimized since the vith, _emperature control during the analysis and readout
test and reft,rence (,ells have thermal control heaters !o- of the data. In the creatine-creatinine analyzer, the tt,st

:!ii,,: t eatt'd to maintain a symmetri-,al heat flow through the cell is als_ instrun_t,nted to provitie _t high-temperature

i:i?f:_i rcsiwctiv,, th,tec/ors, range to effect conversion of creatine to creatinine, l|tl

,',_:,, i!_ 8 JPt tECHNICAL REPORT32-1400
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addition, each analyzer is instrunwtltcd to allow ;leeurat(: ruidwr diaphra.Rnl uoverin_ tiw mixing chamber. To pre-
metering of solutions. The v_trious solutions are bl'Oll_lil v(,i]t the Teflon sleeve of th,' rotor from (,o|lapsing upon
to the respe(.livt' anal'¢zer test cell l)s internal porting in the diaplu';_Km, the diaphragm is backed up with a small
ea(,h of two r_tary valves mounted within the analyzer bathtub-like uo,ffiguralicm of titanium, which also sup-
(s'eeFig. B-II, of Appendix BI. The anal.vsis philosoldW ports the Tt.flon sleeve. The valve, once assembled, i_
required a design that mmmuzed dead volume, and then drilled with st,veral inter(,onneeting port,_, whidl
hen(.e det'reased lh(, possildlil.v of (.ross-contamination of form the internal logic of the valvt,. '['he, major teclmo-
the various solulions. The tt,sl cell (.ontains S,'t1,1of solu- logical probh,m _vas the finding of suital)h, cementing
tioo. Mixing su('h a small volume of fluid pr(,s('nts all a_l'n[..,;which would ('ement Kel-F to Teflon, Kel-F to
interestin_ ehalleogr,. Thu tyi)ieal mt,thod of mixing solu- sila.,;ti(, ruld_m', silasti(, rubber to titanium, and Teflon
l!:ms ILv met.hanieal agitation is not prautieal in this to titanium. Three different types of cements were
package eonfig, ration becaus,, of the smal.I, sample size. used. To at.hieve the uniformity required for long-term

flexildlitv of the silastie rubl)er dial_hragm, it was neees-

Therefore. the mixir,_ is done within an enclosed sary to mold a very small O-ring as an integral p_lrt of

fh,xilde _.ont;tiner. This eont:dner must be very close to the diaphragm This O-ring is 0.010 in. i,_ diameter and
the test (.ell to minimize the d(,:'td volume between tho mates with a similar _roo,'e in the Kel-F rotor at the time

mixing container and test cell. The fluid remaining i:1 of assembly. Figure 5 shows an exploded view of this
this dead volume represents a contaminant in sueee(,ding valve and the internal mixin_ diaphragm.
analvsus. Therefore. the sequencer is programm(,d to
leave rinse solution here prior to the next analysis. The surfaee finish required on the Teflon rotor and
To aehit.ve good mixing, it is usually advantageous to Kel-F valve hodv is less than .5-pin. roughness and a cir-
strongly agitate the solutions. "'Stirring" of the unmixed (.ul,_ritv of 50 ;,in. on a _,_-in.-diameter valve bore.
reagents contained in the test cell is not easily imple-
mented. The only pra(,tieal solution is the installation of J. UrineSample AcquisitionSystem

a small flexil)le diaphragm withi' a cavity in one of the The operational sequence of the urine sampling system
rotary valves. The diaphragm is . fflated and deflated b.v is given in Appendix B. Figs. B-I and B-3 through B-7.
manipulation of the fluid from the test cell through the All urine is to be sampled and a portion stored in a corn-
valve porting and into the mixing eav,t.v a number of mon reservoir during eacll 6-h period. The fluid-handling
times. The physic:d configuration of the valve and cavit.v system must possess certain characteristics. It must be
creates turlmh,nee and hence mixiog. During ground fail-safe. Failure of any element within the system must
testing, it is estimated that mixing ,.'sO0_; complete after not cause failure of the spacecraft, or any of the other
the small volume of fluid is manipulated in and out of the experiments or systems within the spacecraft. To this
mix ehamlwr at least seven times. This percentage should und, all urine flows through the fluid-handling block
be higher during the flight mission where densi_ gra- througla a sleeve filter from wldch the urine sample is
dients within the fluids art' no longer effective in keeping taken. Aft'.,r it has passed through the sleeve filter, the
the fluids separated lweause of the zt,ro-g field, urine then passes through a back-pressure regulator.

"1 It •whidi is a larg(, diap] ragm opening only when the fluid-
The me('hani('al developnu'nt of this particular mixing line pressure is greater than the experiment package

m(,thod posed stun(, intpresting te(.hnical prol_lems. For atmospheric lm, ssure. The urine and waste products then
the valve to have a lmv-rotational tortp,,, it is necessary leave the experiment package throu,:;h the back-pressure
that the interface lmtweun the rotor and stator be ver.v regulator xxaste exhaust manifold connected I).vphtmbing
circular and smt)_th. The slidimt _urfau(,s must he coated to the metabolic waste container, located in the adapter

with a material possessing a low coeffit'ient of friction portion of the vt,hi(.h,. Between the hour and l(i rain after
which is inert to the various (.hemicals used. To achieve the hour. the reentry vehi('le urine accumulator is eom-
tlds. th(' valve rotor surfa(.(, is mamffaetured from Teflon. mau(h,d to (.mpty its (,ontents through th(, urine transport
The stator of the valve, which also l_et'omes the body system, the JPl, fluid-handli,lg l)lock, and back-pressure
of the analyzer, is made from KeI-F. To maintain rotor regulat(_r, to the waste container. Urine is displaced
dim(,usicmal stahilitv, tlw rotor must he supported inter- throu':h the system in 10-ml alitluOts by a metering pump
nallv with a material more rigid than Teflop. whit.h will (.ontait,,d iu the reentry vehicle. The lmmp actuates the
e_dd-flow under stre_s. This Sul_p_rt meml,,r is made of fluid-handlin_ bhwk at,eumulator, causing it to remove

" Kel-l:. The Kel-F. in turn mu_t support the small silastie simultancousl.v 1 ml of urim, sample and to replace it
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MOLDED ___'_
MEDICAL GRADE
SILICONE _IAPIIRAGM ..... KEL-F ROTOR
WITH INTEGRAL O-_ING °-'/ BODY

GROC.,VE .... I

O-RING __
TITANIUM RING IEFLON $_VENT. -.-._

l L--. 3/0 -in. diom

Fig. S. Analyzer rotary valve (V2) with mixing chamber

with 1 ml of waste products into the line leading to the through check valve 1, and to prevent any back flow of
metabolic waste container. Urine sampling occurs while fluid from the analyzers through check valve 2. During
the General Electric (GE) pump is acquiring the next the delivery cycle of the urine sample to the atmlyzers,
10-ml sample for delivery. When the urine accumulator in check valve 1 is blocked and _.heck valve 2 allows the
the reentry vehicle is empty, no additional samples are de- urine sample to pass through the analyzers and check
livered. The fluid-handling block can store fifteen 1,-ml valve 3 to backflush the screen filter. Check valve 3 is

urine samples. These samples arc accumulated during a installed to prevent the waste pump from moving fluid
fl-h period (see Fig. B-l, Appendix B), At 10 min past the around within the fluid-handling block. "Ibis valve directs
hours of 3, 9, 15, and 21, the fluid-handling block aceu- the waste pump driving force directly through the ana-
mulator is commanded to dump its contents through the l.vzers and to the fluid storage bags, thus transfering
analyzers and back through a check valve into the sleew' these fluids, when required, to the proper analyzer.
filter, thus back-flushing any debris accumulated on
the sleew' filter during the previous 6 h. From there, the The fluid-handling block is made of lucite. The metals
urin(' flows through the path marked "short circuit" to in conta:,t with the solutions are made from :303 stainless
the back side tff the accumulator pump. This is done steel. Tests have shown these materials to be best suited
to maintain a constant-volumP fluid-handling system. The for the various fluids encountered. Rubber products are
contents of the back side of the accumulator pump will generally Viton B, although a number of neoprene
be metered into the waste line during the next 6 h as the O-rings are utilized in areas where there is non-active
new 1-ml urine samples are accumulated. To meter contact with the solutions.
the calibration and rinse sohitions from their storage
containers through the anal.vzers and into the waste The fluid-handling block contains two dc electric

system, an auxiliary path is provided in the fluid-handling motors and tht,ir gear trains, five check valves, a sereen
block. This is accomplishe'l by actuating a waste pump filter, a back-pressure regulator, and the internal plumb-
whenev,r fluid transfer is requircd. Flow direction is ing needed to carry out the functional acquisition and
maintaii:,' ' lw check valves 4 and 5. This pump meters deliw,ry of the urine sample. In addition, this block is

approximately 0.'23 ml of solution at each achmtion. This the support member for a battery, two pressure switches
is the minimt,m sample volum(, required to ,,'urge the used in the nitroge,I presstirizatiou system for the pack-
analyzers and yet leave an adequate sample for suhse- age, fi_,e switches used in monitoring pump displacement
quent analysis, locations, and various other electronic components used

in housekeeping functions. Urine is delivered to the

Che(k valves 1 and 2 brack,,t the accumulator inlet analyzers and returned along with the waste product:

and outlet. They are oriented to allow flow of the urine through two manifolds. The_e nmuifohls serve as a tnmsi-
sample through the screen filter and into the accumulator tion point l,,twet,n the fhtoritmted ethylene l)rol)ylene
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(I"EI)) tubing. (,orm(,t,t(,,!to the analyz(.r, and the internal K. Fluid Requirements

plumbing h, the bh)t'k. E.u'h man/fold ha_ three ports. Thirt.v (l;:)'sof unattended operation, at the rate of fix'(,
Ea(,h mlalyzer is c,(nmt,(t,,d I(_ ,, port. 'l'h(, thhd port is analys:,sper day on each of three eompotmds, means that
attad.,d to the t luid wfill ;_c('esnasst,ml)ly h)(,ated e.u th(, exp('riment must store (,nou_h tluids for more than
H., l)as(,of the l)a(.kari(,. 'l'hi_ allows r(,moval ()f a repre- .150analyses.A contingency volumt, of fluid is nt.eded for
sentative urine samph, (:()mparalde to that analyzed in

pr(,fli_ht testing, ealil)ration, and in-flight evaporation
the :malyzt.rs. This saml)h, is analyzed 1)v c.onv(,ntiona] h.,ssc,s.The space availal)le on the spac'('eraftis limited totec'hni(lue.sas :t c,ht,c.ko. anal.w,er _'anetion.

330 in.:: fi)r tl., total i'ac.e/lih,) expt.rim(.nt, l)relimhmry
estimates dividt,d the experimt,nt into tilt, five sul)s.vs_ems
shown in Fig. 4 anti Appendix A. The fluid storage mod-()ae of the pumps in the fluid-handling I)louk is
ul(. is ,_ in. by .|V2 in. lw .31/sin.. or 47 in.:' (774 ml). Thet'h('uk valve .l which, in rt,alitv, is a c,oml)ination piston

and sliding sh,evt, valve (see App('ndix 13,Fig. B-6). A pin assignment of the available volunle for active fluid stor-
on th(, piston rod t.ontacts the sh't,v(' (hn'illg Ih(. forward ago is given in Table 2. The p:wkage configuration is

shown in Figs. C-1 and (:-2. Appendix C, and Fig. B-9,stroke of the piston. At this point, tht, sleeve and piston
ea1) are no t in c'ont;tc't. The sll.'evt', lwing hollow, allows Appendix B.
fluid to flow freely through the piston as the piston

moves forw,u'd. ()n the return stroke of the piston, the It ma.v lw shown that a total volume of approximately
rubber t.ap at the end of the piston rod is pulled into 370 ml is required, which inc.ludes a 10_ contingency
th(' s]('ev(' :rod seals the s](,eve to tl,e piston head. O-rings vohllnt, for such things as residual left h_ tile bags at the
seal th(' slet,v(, to the eylinder and. as the piston rod end of the mission, unequal metering of the waste pump,
movt.s l_at.k. (.ht.(.k valve 4 is dosed. Th(' fhtid trapped and general evaporation losses through tile materials of
on the downr_twam side of this check valve is forced to th(, bags. Each of these fluids is stored in a separate flex-
flow through cht,t,k valve 5. whicla is of a standard dia- il)le container. The various (.ontainers are then stacked

phragm (.onstruetion.-_s the cycle is repeated, fluid will to form a total assembly. To refill the containers lust
be transported through the pump and discharged as prior to the mission launch, earl1 container has a filling
Waste material. This pump is similar to tilt, water well line attauhed to the fluid refill assembly, mounted on the
hand-operated l_Uml) found on rural farms, base of the pat'kage. This assembly is aecessible through

an opening in the vehicle's skin. The other line in each
bag is directed to the appropriate analyzer unit. The bags

An innovation brought on 1)y the system requirements themselves are made of FEP. The line was selected for

is the Imckflushing of the sleeve filter. Baekfhlshing is its chemical resistance and lack of fhlid permeability.
performed at the end of each 6-h accumulation period, as The bags are molded in half shells, which are then
previously described. The purpose of l);Ickflushing is to heat-sealed together along with the tubes for refill and
remove any debris which may have collected on the delivery of solution to the analyzers. The final molded
screen filter during the preceding 6 h of sample accumu- assembl.v is then a flat, flexible bag which collapses as
lation. It is recognized that there will be some partial fluid is withdrawn. Ea-.h bag is eonformally supported
ol)struction c'aused by material being permanentl.v affixed during the launch vibration environment by resting
to the ,deeve filter; however, it ix also recognized that tht' within a machined lucite retainer. The complete assem-
periodie l)a(,kflushing action will result in an equilil)rium I)lv is then mounted on th(- main base plate by means
uondition wht,rein the screen will remain open to the of six bolts.
l)aSsage of the urine samph, to the accumulator when
required. This is shown in .,_pl)(,ndix B, Fig. B-5.

TIw fluid refill septum is designed to meet the inter-
face of aeeessil)ility from the exterior of the spacecraft

The purpose of the l)ack-pressure regulator is to main- and yet provide a means of maintaining the pressure
tain the fluid pr(,ssure in the s)'stem at the package I)res- integrity of the l)ackage during flight, the individual in-
sure and yet allow any additional vohmwtrie increase in tegrity of eat,h fluid container, a means for nitrog(,n pres-
fluid to pass into the waste co,tainer with a minimum _,,re equilization during testing, and urine sampling from
energy expenditure. In reality, this back-pressure regu- the fluid-handling block. The septum is a solid metal
lator opens with apl)roximatel,v 3 in. of water pressure block with :t series of holes in whidl a suitat)h, silastic
differenc(, auross the diaphragm, rul)l)er O-ring septun_, has been molded, l)latinum tubes
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TIlt' Til_ler in i,'i_, i)-2 n,ceives timing pulses from l!_( rumove ihe (trive current to the transistor once thu posi-
sp;tt,pt,rall, It is assumt,d that lilt, '9.t-]1uounter :tlld tt,,l lioll is seh,uted. An emitter tollmv,,r is vsed t,.) provide
thnt, deuodm" Ilas ju_l befit updated to a t,t)ulit ()f ,_ h, t,tn'r(,ld _tili bt,tW/.,t,tlthe tl'ansistor alld tilt, NOR gates.
A h,vt,I ehal_ge is lht,n pr, wided to the 5-1(I rain l)elay At this pOilll, the UR/Vl-Waste enables the .Micro-
I.(JRiu, 2"wtDadditi(.ml ,3-rain pulses art, reueived lw the S.vrin_e Fill Co,ltrol l.ogiu to start the motor driving tile
5-10 rain l)ela.v l,ogk' lwf(Jrt, ;J level change occurs at syringe to fill it with a urine sample. The volume of the
its O.tln,t. Tills ievul uh,tngt i_, routed to the Fluid san,ph, is determined lw the Revolution ¢:ount I.ogie,
Saml)h,r l)ump Control i,oK'e ,ahit,h eommmlds tht, Sta,'ting with ;m empty test cell, revolutions of tile gear
l"luid S;tml)h,r i')rive tc_ t,nllfl :. the at,cumulated urine drive to the ph,n_4er are counted in a three-stage binary
throu_.,h the two analyzers _sec AppelJdix A for valves uomlter (the Rev_)lution Count l,ogie), tnput to the
in a l'rim'/l',-Wastt: position for e;deiulu and ereatine- counter is from a revolution count :_witeh mounted on the
t'reatinine), The l)ump Cm,t,'ol l,(ll.'it' tht,n sends a n:icrosyringe phmger gear drive asxeml)ly, To eliminate
t,ommand Accumldator F.mpty to I cc to the Creatine- eontaut 1)ounce from giving false counts, the switch is
(h'eatinille Start Command l,oKi(, which, in turn. starts lluff(,rt,d with a flil_-flop arrangement. The specified

the (3"t,alinine Sequt.nec, ()nee started, a Crealine- numller of revohitions are sensed l_y NANI) gate. The
C,reali_im' Sequence Start Command is routed to the output of this gate goes positive (logical 0) when the pre-
Calc.ium Setluenc'er. The next 5-rain clock pulse starts scribed numl_er of counts has occurred. The counter is
the ualei,ma st'tluence showll in Fig. D-3 by ploviding held il_ a pre-set condition until that point in the se-
';t'quem'e Start COPllm/.i}, / _'CI to the Valv:, Selector (lttent'e is reached where revolutions are to be counted.
Reset I,ogic. At this point in the sequence, the Revolution Count

Logic will fount four revolutions an(1 generate Valw,

This logic is a programmer consisting of a three-slage Command 2 (VC2). This level change signals tile Event
l_i,ar,v countt,r and ._ev(.'lldecoder gates with only one Complete Logic, wlaich in turn, increases the count in the
decoder gate output being active for each stable state Valve Combination Selector Logic to VC2. The VC2 tells
of the ctnmter. Ont,, decoder gate is used for e_wh valve vah'c 2 to move to tilt, reagent position. Completion of
('hange of xalves 1 and 2. Therefore, with a three-bit tins step initiates the Micro Syringe Fill Control Logic to
counter, eight valve changes are allowed. The eighth fill the test cell an additional 16 turns to 20 turns total.
valve change is used as a standby to open up the control The Fill Limit Switch signals the Event Complete Logic
loop al_d stop the sequence, which updates the Valve Combination Selector Logic to

\'03. the Blocked-Mix positions for V1 and V2.

Tilt, VCI command is received by the Valve Combina-

tion Selector I,ogie, which is really the programmer of This is the beginning of the mixing sequence. Once
the system be('au:_e here the particular valve positions are two solutions are brought into the test cell; the,,' must be
ac.t,a]lv selceted (Fig. I)-3). 1)et.oder gait. VC1 will put mixed. This is acc.omplished by emptying the entire con-
valve 1 al the urine position and valve 2 at the VI-Waste tents of the test cell into a mixing chamber and back into
position. Since uri!!e is already in the V1-V2 area, the the test cell. This process is repeated seven times to pro.
wastt, pomp is inhibited lwcause a urine sample is dut'e a homogeneous solution. The numlwr of times the
already present. (The waste pump open_tes to bring a l_hmger actuates the full limit switch, when tile test cell
ealil_ration solutiou into tiff,; region when VC1 is gen- ix full. is counted by tilt, Mix Cycle Count l.ogie. The
t'ratt'd (hlrin_ a calibration xequence). The valves are (.ount pulxe is obtained from tilt, full limit switch one.
driven in response to t],e decoder gatt', (,ommands. One shot. (:outact lloun('e of the limit switch is eliminated t)y
side of the valve drive m_ltor is tied to +.l.5-V dt' motor flil,4hlp B. The counter is also held in Preset until re-
supply. The oflit,r side is tied to the metal disc serving as quired for use in the Blocked/Mix position of V1 and V2.
the switch r.tor. Wh,.,n a transistor connected to a svitch

positim_ is tur,ed t_n. a ground return is provided for the ',
meier and the valvt,-xwitch cmnbination rotates. When When the mix se(iuenee is completed, the rail,re syringe ,_
the m_tch in Ihe switch feint breaks the collector of the l)lttnger drive motor is stopped I)y using the output (ff a
tl. ,,d,.,._ transistor, the motor stops hecausv of loss of a N,_.NI) gate which se_ises completion o[ the sev(-n mix
grou,.! return. Thus. the valve can be rotated to any evch,s. At this point, the Second l')ilution l)ett, rmination
l)t)sili_m simply 1)v tur.in_ on tilt, transistor whose c(11- l,ogie is asl_ed xvhelht,r the fluorescence ,.,xceeds a pre-
lecl.r is (,onneeted to that position. It is not necessary to determined lev,,I, If so. this means that tilt, concentration
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•_:_" of eak.ium exceeds the low rang;e of the instrument, eauh 11-I,sampling period (may be equal or b'.,_

___ heuul'the r.,fixtun,mtlstbe re-diluted_vitlhreagentto thanitem2 above_(st'e"l':ddeE-31,
......._ decreaselheratioofurinetoreagent(ualeein).To _ceom-
'°_,; (.I)Numht,r of urinesamph,s aet,umulatt,dl_y the
,,_-I plislhthis,VC,q isinitiated,causingthe sequencerto

_" follow the dilution :a.q,u.n('eA (calcium) in Appendix A. Paee/Rho unit each orbital pass.

Thissubroutine,when eomph'i('d,shouklth('nhave an (5)The number of urim,samplespassedthroughthe

outputfromthe(,alciumdaia amplifh,rthatisinrangefor P_ce/Rho uniteach orhitalpass,thesed_il;iare
thisexperiment.Thisisthepointinthesequencewh(,re from the(;E urinemeasurementcounter.
theanalyticalmeasurementismade. The Mix Terminate

signal (iiscmmeets th(. preset of the I)IIS sequenue (6/ The telemetered data v'ord for meastlrement eon-
uounh,r(seeAppendix D. Figs.J)-6throughD-g),and centration.(Thisisa seven-binarybitword.)There

-": :ii_:"I it is allowed to count the 1-mEn clock pulses as shown in is one word for each ehenaical analysis (see Fig. E-I
7_);_i:,i,1 th,, dia_ra,',. The DIIS (,ommand sequence proceeds as and Tahh, E-I).

: '!i:iill_i fi,llows. The ft,-st XAND gate is actuated at the first_ ).,,., 1-mEn clock pulse. This era_,,s th,, old information stored (7) The conversion from the binary word to ah,iog
_,,:,,o:_ voltage data. This corresponds to the voltage out-

' ':¢';i:_ in Register 1 of the Data llandling System. The second,_ ,,, NAND gaw provides drive to channel 1 of the Input put of th:, data amplifier (see Table G-I).
.Multiplexer and a word steer command for channel 1, so (8) The chemical concentration versus data ;:.aplifier
that the Rated clocl: pulses will be eounted by the for- analog voltage output calibration curve (see call-
rect register. In addition, this gate also provides a trigger bration curves for words 1, 4: and 6, and Figs. E-3,
to flu' eneoder portion of the DtlS. Finally, this gate E-5. and E-6).
er ,ses the oid information stored in register 2. Another
NANI') gate activates (.hannel 2 of the input multiplexer, t9) Experiment test cell temperature (taken at the time
provides the proper word steer command° and generates the chemical concentration data is stored in the
the eneod',r trigger for word 2. Word ! is the eoncentra- DIIS). This is used to compensate the calibration
lion (:f (.aleium and word 2 is the temperature of the test curve in item (8) above (see calibration curves for
(,ell at the time of nl(,asutement. Next. another NAND words 2, 5, and 7, Figs. E-4 and E-7).

Cate is a('tivated l)y the countur to signify the DHS se-
quem'e is eompl,.,te. After the data are encoded, the DItS (10) The experiment tempc"ature of the calil)ration

solutions. This is used to est_blish long-term drift
uomph,te signal tells the Event Complete Logic to start
ttr, test (.ell eh,anup operation_ of erupt.ring the test cell. in the calibration solutions and to adjust the one-
;insing the plumbii_g, test (,ell, and mixing tub. Upon point ealil)ration data received from the experi-
(,ompletiou. the analyz(,r is h'ft in a standby state of meat (see Fig. E.9, word 13).

n,_ulhu,ss to act'ep! the next urine sample and start all (11) lligh-range or low-range data hit for calcium cali-
over with the next analysis. The Creatinine-Creatine hration curve. This modifies item (8) above (see

--!'!_i_?'"_( Se(iuen(.(, follows a series of interlocked steps similar to calibration data for word 3, 6th bit, Table E-3)o
lhose described for the (.aleium analysis.

In addition, to reeover the engineering data and make
correction to the actual measured values, the following

I_, Data System Format data are needed:

The at'tual urine cmwentration at the primate as a (12) Tclemetered analog voltages (see calibration curves
"*] fumlion of time may he determined if _dl of the following for words 9 darough 16, Figs. E-7 and E-8, and

data arek_mxvn (seet'urv(.s in S,ppen(lix E'I: Table E-2).

Pri,n,,t,.,.'i,,,.tr,,,,sp,,,ts.vstcm tr,.,sf."f,,,,etion. (IS) Output isoh,tor tr,msferfunctionas ,, f.n .tionof
temperature (see Fig. E-2).(2_ Urine dilution fa(,tor--the numln, r of uri,,, sam-

ph's l:assed through the Pat,e/liho experiment dur-
,, ing eat'h 6 h sampli,g p:,riod (see Table E-3). E., = f (E_,,)(T)

_' i,! t3i t'rine sa_nph,f'tt.tor- the uumb('r ot nri_e s:unph,s (14) T(,mpurature versus voltage ('alil)raticm curves for

'_', ?'.i ;_cc,umulat,,d in tht, Pat.c/Rho experiment during 1)alto,temperature (see word 13, Fig. I'.'.-9).

D,: t
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The redu(,tior_ of a seien(.e data word could use this O. Urine Analysis Experiment

formal as follows (Ill(, m.nl)('rs r(.f(.r to the paragraph Th(' follox_ing listii,g defim,s the information levels
mmd),,rs listed al)ov(,): At,tirol primate, uonu('ntration at assig.,,d to t.ach of th(' 1_; expcrim(.nt data channels.
tim(.t = (1) X (3) x (6) × (7) X (9) X (11)' X 12,
!. so._(, uas(,s, item (,qL may not l)e di,'ectlv av:,ilal)lc They arc divi(k'd into scv('n digit.'d (science) words and

• " _fine analog (cngint,c,'ing) words. T.vpical level vahws for
a.(1, tht,rufo,'t,, must lw d(,rivcd l)y use ()f items (5). i4), the digital as well as the :malog words are give,'l.
and (3),, Item (3):, is the last availal)lc sa,nph, uount of
itt,m (3) for tilt, 6-h sampling pt,riod its follows:

I)ata Fore,at

(3),- (3):. + 1(5),,, ,, - (5),] - (3),,,,,.,, "Word Dcfinition

1 7 bits Ca +'
whcrt. _l = orbit mmd)(,r and the sul)s(',ipt m.nl)t,r is

the hour tht, cxi)t'rimt'nt rt,ccivt.s th(, sample 2 7 bits C_v' temp

_imil.',.rly, the analog data may l)(, r(.thwcd as fol!ows: 3 5 bits, GE accumulator dumps; 1 lilt, urine or
calibratu sequence; 1 lilt, numl)er of dilutions

Actual Analog Voltages (engineering) 4 7 bits creatinine
= x x (]4)-'

5 7 lilts creatinine temp

N. MiscellaneousSystems 6 7 l)its ereatine

']'o adequately" sfipport the instrument during the de-
7 7 bits creatine tempvelopment, w,;ting, calibration, and on-line flight opera-

tions, two additional picces of equipment are required. 8 Cx lamp eur,'ent, I,, A
One piece of equipment is tilt' AGE (Auxiliary Ground
Equipment) console which is capable ,of simulating all 9 Cr-Cr lamp cur,'ent, I,, B
of tile required active spacecraft functio_as. These func-
tions include timing commands, urine accumulator dump 10 lamp voltage Ca'

L.ommand, telemetry readout, a nitrogen supply for pack- 11 lamp voltage Cr-Cr
age atmospheric pressurization, a vacuum pump and
pluml)ing system to simulate the metabolic waste cola- 12 4.5-Vdc battcry voltage
tainer, and a means for l)oth testing and monitoring

numerous housekeeping functions within the experiment 13 bag-temp

package, h,. addition, a portion of the console is desig- 14 experiment pressure
hated for fluid handling during the calibration phase.
This console is a two-ba), 6-ft high rack with a desk, 15 +4Vdc (sequencer power supply)
which allows placement of the instrument and related
hardware for testing. The second piece of AGE is a small 16 + 15-Vdc voltage check (2.SVdc normal)
battery-opcrated portable Gantry AGE unit. This unit
simulates all of the eh,ctrical spacecraft functions and
allows monitoring of many of the internal housekeeping 1. Channel 1-7 (Science)

functions ill tilt' package. This unit is intended to be used 0 level voltage = 3.8 V
on the l,aunch Gantry during tile final checkout of the
experiment })efore flight and during those times when 1 level voltage- 0.4 V
it is not ftasible to have a large console attached to tile

rcchargeal)le badery pack. These units are presented in
Figs. F-1 through F-3, Appendix F. 0 lamps ON

I lamp ON, 2.50 :!:0.15 V, 5 to 50"C
I"t'O ('stablish calcium rang( onl._ (a I at, of item 6 al)t)vc).

ii=.ii'i/",,I 2Ifword 1:_. 2 laml)s ON, 1.25 :_*_-0.15V, 5to 500C

" ' t 'PL "'_I_'_'L R'PORT 3" ' '00 ''
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3. Channel 9, Lamp I,, Ca' 1, B 9. Chin, ,el 15, St,quencer Pou'er Supp!!l ( + 4 V sup.

0 lamps ON pl!h 4.15 . 0.70 V)
!0. Channel 16, _ 15Vdc Supplies

1 lamp ON, 2.25,0.15 V, 5 to 50°C

2 lamps ON. l.[XI * 0.15 V, 5 to 500C iF :* 15Vd(, _upplirs are normal, E,. = 2.5Vde

The telemetrychannt,lthen presentsa ._eriesof data

4. Channel 10, Lamp Voltage Ca" hits to the' space('ralt for tnummission to a grouml station.
V C_r' = 2.75 V A typical data series is giw,n in Appendix E, Fig. E-I.

Figure 7 shows the word format and typical levels to iw

5. Channel 11, Lamp Voltage Cr-Cr expected.

V Cr-Cr = 2.5 V
- 80 ms

LJ lILFV Bat = 4.5Vdc max
*0.4

I I I t I I I I I I

7. Channel 13, Bag Temp. Bn] I _. 3 4 5 6 2 3 4 5 6 7
.... DIGITAL '-ORD 560 ms ---"-D_, ....... ANALOG WORD 560 ms---'gP

Temp. 50C J 35°C CHANNELS I THROUGH 7 _ CHANNELS q THROUGH 16-b

l o EACH CHANNEL CONSISTS OF SEVEN SEQUENTIAL BITS; EACH BIT I$

J_'o 1.5 V 4.2 V PRESENTEDTO THE TELEMETRYFOR A PERIOD OF 80 m_AT 12.5 bills.THE SEVEN-BIT BINARY-CODED WORD WILL RELATETO THE VARIABLE
UNDER MEASUREMENT.

8. Channel 14, Pressure Switch b AS IN ITEM a. ALSO EACH OF THE SEVEN SEQUENTIAL BITS WILL BEOFTHES,_EVOUAGE_PL,_,E. THE_,_,,,.,_EW*LLRELATETOTHE

7.5 psia < P _< 12.5 psia E,, = 4.45 +_0.5V VAR,AB*.EONDERMEASUREMENT.

P < 7.5 psia E,, = 1.96 _=0.5V NOTE:FALLANDRISETIMES= I00_.,

P > 12.5 psia E,, = 0.0 =_=0.5V Fig. 7. Expected format and typical levels

l
q
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Table A-I. Calcium and Creatine-Creatinine fluorometry

1
I Te_t Cell Pump Waste pump

Timing signals , Valvo, V: Valve, V: Volume Valume I Communt$

___] 20 turns 0.23 ml _ 1"

Calcium fluarometry

Urine V_ waste Off Oft Valve or pump positionsat end of previoustest

t =--O, 3, 9, 1,5, Celib/urin¢ V:-waste Off Off t =- O, 24 h pulse sequencesV: to the calibrate

21, 24 (0) h position

Cllib/urine V:-waste Off On Flusheslineswith calebor urine

Caleb/urine V:-waste Off Off Cycle SW turn off

caleb/urine Vs-weste On (-) 4 rev Off Fills testcell with cal;b or urine

caleb/urine V_-waste Off Off Count turns for switchturn-off

Callb/urine Reagent Off Off

caleb/urine Reagent On (-) 16 rev Off Fills test cell with reagent solution

C-_lib/urine Reagent Off Off Limit SW Jrn-off

_ j Blocked Mix Off Off

Blocked Mix On (+) 20 rev Off Empty test cell

J Blocked Mix Off Off Limit SW turn-off

i Blocked Mix On (--) 20 rev Off Fill test cell. Mix 1
_ Blocked Mix Off Off I,imlt SW turn-off

"-_oc'_'-d Mix On (+) 20 rev Off Empty test cell

Blocked Mix C.)ff Off Limit SW turn.off

Blocked Mix On (--) 20 rev Off Fill test cell. Mix 2

Blocked Mix Off Off Limit SW turn.off

Blocked Mix On (+) 20 rev Off Empty test cell

Mixing sequence< Blocked Mix Off Off Limit SW turn-off

Blocked Mix On (-) 20 rev Off Fill t, t cell. Mix 3

Blocked Mix Off Off LimitSW turn-off

Blocked Mix On ('t") 20 rev Off Empty test cell

Blocked Mix Off Off Limit SW .urn-off
: |

' _.ii!_,_ii1 Blocked Mix Off Off LimitSW turn.off

Blocked Mix Off Off Limit SW turn.off

Blocked Mix Off Off Limit SW turn-off

_, Blocked Mix 0._ (+) rev
Blocked Mix Off Off Limit SW turn.off

/ Blocked Mix On (-) 20 roy Off Fill testcell. Mix 6

' Blocked Mix Off Off Limit SW turn.off

Itl JPL TECHNICAL REPORT 32_1400
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T,nbleA-I (contd)

1 1Test Cell Pump Waste pump

Timing signals Valve, V Valve, V Volume J Volum,a Comments

................................i...............,O,urns.............................................................................
Calcium fluurometr (contd)

.............................. l ....

Blocked Mix On (+1 20 .v Off Empty test cell

Blocked Mix | Off Off Limit SW turn.offMixing sequence
/

(contd) Blocked Mix | On (-) 20 rev Off Fill test r.eJh Mix 7
/

Blocked Mix /Off Off Limit SW turn.off

-- Data Amplifier Output Greater than 4.7 V

If output of data amplifier is above 4.7 V0 proceed with Dilution Step "A" followed by the mixing sequence. Then

Ranging sequence p:oceed to the DATA readout step.

Datd Amplili_r Output Less than 4.7 V

If output of data amplifier is less then 4.7 V, accomplish the following steps

DATA readout Read calcium fluorometer data and temperature into data system

Blocked VI-. waste Off Off

Blocked V,-waste On ('t") 20 rev. Off Empty test cell

Blocked V:-waste Off Off

Rinse V:-weste Off Off

Rinse V --wa,_e Off On Waste pump on, flush VI-V: line

Fin,,l rinse Rinse Vi-waste On (--) 20 rev Off Fill test cell with rinse fluid

sequence _, Rinse V:-waste Off Off

Block Mix Off Off

Block Mix On (-t-) 20 ray Off Flush bathtub with rinse fluid from the test cell

Block Mix On (-) 20 ray Off Returns rirlse fluid to the test cell from the
bathtub

Block Mix Off Off

Urine V:-waste Off Off

Sequence Urine V, waste On (+) 20 ray Off Empty test cell--end of sequer_ce. Wait for next

completed sequence initiation pulse at 3, 9, 15, 21 ho_rs.

VI sequence to urine position for these times

Rinse V,-wash. Off Off

Rinse Vi-waste Off On Rinses V, and V; of calib or urine prior to

emptying te;t cell

Rinse V,-waste Off Off

Block V,-waste Off Off

Dilution step A < Block V:- waste On (+) 20 rev Off Empty test cell

Block Vr-weste On (-) 4 rev Off Fills test _ell with 7th mixed sample I

Block V, _-waste Off Off

i Celib/urlne Reagent Off Off

Cellb/urine Reagent On (-) 16 rev Off Fills test cell with reagent solution

Celib/urine Reagent Off Off Limit switch turn-off 4_

NOTES

V, connects urine or rolibrate or Hnle to V..

V: V_.Waste connects test cell to valve V, and waste.
"reagent*' conn_.r_tstest cell tc_ reagent.
"blocked" block_ test cell.

'_ '_I Rev refers to revolutions of te_t cell micro e.yrir_gepiston cjear drive
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i • Table A-1 (contdl

i .' , ':,',','.:'" Test Cell Pump Waste pump 1

,::,,.,,:,,_,,,_,;)_ Timing slgnols V a_:: V:_ "olve, V Volume Volume Comments........; 20 turns 0.23 ml

_', _'i.'_ Creotin_-creatinlne colorlmetry

_/_'_ Ilrino V_ waste Off Off Valve or pump positionsat end of previous test

' ..... t = 0, 3, 9, 15, Calib/urlne V, waste Off Off t := O. 24 h pulsesequenct:sV_ to the cllilorete

_-i :*_:!!";I 21, 24 (0) h position
i, :i,),i_.:;_! C,lib/urine _ .-v, astc Off On Flusheslines with callb or _rine

_L_"_ C_,lib/urine V_-,wiste Off Off Cycle $W turn-off

•i*"_*_.... _ Caleb/urine V_.w_ste On (-) 4 rev Off Fill', test cell with calib or urine

Calib/urine V_-waste Off Off Count turns for turn.off

Acid dilution Caleb/urine H_SO, Off Oft

sequence Caleb/urine H_.SO_ On (-) 16 rev Off Acid added to calebor urine sample

Calib/urine H=$O_ Off Off Limit SW turn-off

Blocked M_x Off Off

Blocked Mix On ('t-) 20 rev Off Empty test cell

Blocked Mix Off Off Limit SW tnrn.off

Blocked Mix On (-) 20 rev Off Fill test cell. Mix 1

Blocked Mix OFF Off Limit SW turn.off

Blocked Mix On ('t-) 20 rev Off Empty test cell

Blocked Mix Off Off Limit SW tur_.off

Blocked Mix On (-) 20 rev Off Fill testcell. Mix 2

Blocked Mix Off Off Limit SW turn.off

/V.lxing ,i Blocked Mix On ('t-) 20 rev Off Empty t_st cell

sequenceA _ Blocked Mix Off Off Limit SW turn-off

Blorked Mix On (-) 20 roy Off Fill test cell. Mix

Blocke__d Mix Off Off Limit SW turn.off

Blocked Mix On (-t-) 20 rev Off Empty test cell

Blocked Mix Off Off Um;t SW turn.off

Blocked Mix On (-) 20 rev Off Fill test cell. Mix 4

Blocked Mix Off Off Limit SW turn.off

Blocked Mix On (+) 20 roy Off Empty test cell

BlockeJ Mix Off Off LimitSW turn.off

Blocked Mix On (-) 20 rev Off Fill test cell, Mix $

Blocked Mix Off O_f Limit SW turn.off

I .........

Blocked Mix On (4-1 20 rev Off Empty test cell

i Blocked M;x Off Off Limit SW turn.off

i Blocked Mix On (-) 20 roy Off Fill test cell. Mix 6

I off off LimitSW
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Table A-I (contd)
i

I TestCell Pump Wastepump JTimingslgnols Valve, V: Valve,Vk Volume Volume Comments

.......................... [ 20 turns 0.23 ml j

Creatine-creatinlne colovimetry (contd)

PJocked Mix On (4.) 20 ray Off Empty test cell

Mixing Blocked Mix Off Off Limit SW turn-off/
sequence A

Blocked Mix On (-) 20 rev Off Fill test cell. M_x 7
......,_ (contd)

_ii Blocked Mix Off Off Limit SW turn.off

"_ _ Blocked Blocked Off Off

_.i_/il After V sequences to th_ blocked position, turn on the heater st the next S.min timing pulse. Heat for 2.5 mln (five morei $.mm pulses), turn off heater at the end of 25 rain. Cool for 5 rain (Lor;emore $.min pulse). Proceed with next step: 2nd
' Dilution Sequence IAIkaline P;crate). **Delete the above sequence for the creetinine en_lysis, proceed directly to the

_ following Rinse Sequence from the end of the mixing sequence A.

ii,  i1 l,inse. V,-w.t. o. off
RRR_nse V,-waste Off On Picric acid rinse of V, and V= of calibration/urine

Rinse sequence fluids prior to emGtying test cell

Blocked V_-weste Off Off

*i/_ Blockec? V_-*weste On (+) 20 rev , Off Empty _est cell

Blocked V:-wsste On (-) 4 rev Off Fills test cell to 4/20 withecld/urine mix

.! Rinse V:-waste Off Off

l 2nd Dilution Rinse V:-wsste Off Of, Flushes lines with picric acid

(alkaline- ,_ Rinse V:-waste Off Off

picrete) Rinse V:-wsste On (-) 8 ray Off Fills test cell to 12/20 with plcrlc acid

Rinse V_-wsste Off Off

_ Blocked Reagent Off Off!;. Blocked le_gerit On (-) 8 rev Off Fills test ceil to 20/20 with NaOH
i Blucked Reagent [ Off Off

i_ _l _*/_ Blocked Mix Off Off
Lt

I" _ Blocked Mix On (+) 20 rev Off Empty test cell

*i Blocked Mix Off Off Limit SW turn-off

Blocked Mix Off Off Limit SW turn.off

_i. i; 'i1 _B_ock_ Mix On {4.)20 rev Off Emp_'y test ce_l d

_/l'ilJ:* M_xing / Blocked MS, Off Off Limit SW turn.off

- *',_ sequence B _ Blocked Mix On (-) 20 rev Off Fill test cell. Mix 2 _,

Blocked Mix Off Off Limit SW turn.off 4_

Blocked Mix On (4-) 20 ray Off Empty t,_t cell

Blocked Mix Off Off Limit SW turn.off

Blocked M_x On (-) 20 rev Off Fill test cell. Mix 3

Blocked Mix Off Off Limit SW turn.off
1 i

JPL TECHNICAL REPORT 32.1400 21

O000000-T$C)O



..... ,,ml

1

_ I1

d__

Test Ceil Pump Waste pump

Timing signals Valve, V: Valve, V Volume Volume Comments

l 20 0.23 ml• 0 _ ,

Creat/ne-creapinlno co|or/metry (contd)
.1

I Blocked Mix On ("t") 20 roy Off Empty te_t cell

Blocked Mix Off Off Limit $W turn.off

! i Blacked Mix On (-) 20 roy Off Fill test cell. Mix 4

J Blocked Mix Off Off Lime._ SW turn.off

Blocked Mix On ('t") 2U rev Off Empty test cell

Blocked Mix Off Off Limit SW turn.off
I
i Blocked Mix On (-) 20 rev Off Fill test cell. Mix 5
!

Mixing l Blocked Mix Off Off Limit SW turn.aft

sequenceB <_ r Biock_.d Mix On ('t") 20 roy Off Empty test cell(contd)
i Blocked Mix Off Off Limit SW turn.off

Blocked Mix On (-) 20 roy Off Fill test c_ll. Me,, 6

Blocked Mix Off Off limit SW turn.off

Blocked Mix On (+) 20" rev Off Empty test cell

Blocked Mix Off Off Umit S_ turn.off

Blocked Mix On (-) 20 rev Off Fill tc_,• cell. Mix 7

[ Blocked Mix Off Off LimitSW turn.off
,r ,. ,

Count next six 5.men pulses,then read a-.,;csl density of test/reference cells end tra,_sfer data to data handling systemat

the sixth pulse (25-30 win offer mixing).

Blocked V_-waste Off Off

I Blocked Vl-waste On (+) 20 roy Off Empty test cell

Blocked V:-waste Off Off
i

_inse V:-weste Off Off

Rinse Vi-waste Off On Flush lines with picric acid rinse

Rinse V,-waste Off Off Cycle SW turn.offR,nse V:-weste On (-) _)0 rev Off Fill test cell with rinse
!

Fin,.I rinse / I Rinse V,-weste Off Off Limit SW turn.off

sequence ''_ J Blocked Mix Off Off
Blocked Mix On (-I-) 20 roy Off Empty rinse from test cell into mixing chamber

J Blocked Mix On (-) 20 rev Off Empty mixing chamber into test celZthereby

. rinsing mixing chamberBlocked M:x Off Off

Urine Vi-weste Off Off

Urine V:-waste On ('t-) 20 roy Off i Empty test cell of rinse fluid. Limit SW turn.off

Sequence Urine V_ -waste Off Off J End of sequence-wait for next sequence

completed _ j ;nitietion pulseat 3, 9, 15, 21 h. V: sequentta urine posit;an for these times 1
L

NOTES

V, connectsurine or calibrate or plcrlcacid rinse to V..
V. *'V,_wuste"_connectstest cell to valve Vt and waste.

"reagent" connectstest cell to reagent (SodiumHydroxide; NoaH).
"blocked*' blockstest cell.

roy refers to revolutionsof te_t cell micro syringegear drive.
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Appendix B

Experiment Mechanical Configuration, Including

Fluid Handling, Fluid Storage, Interface

Requirements,and Analyzer Configurations

The instruments and major components necessary to conduct the chemical
analyses are presented in Figs B1 through B12
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W r ........

Oh 3 9 1,5 21 0

(_ TESTTIMES _. _ .' J l

ff"_ -"" (SIMILAR
SAMPLES3 4 § 8 9 10

, AT 6 AND 7) __ ,(_ SAMPLING PERIODS .... _ 10 men L__
I_.-..L--,.L.--.L=.,L._ t 1 1 1 _ L_L--L I _ i l 3 _ _ i t 1 l _ I_

LAST SAMPLING PERIOD/"" LAST SAMPLING PERIOD..-- I i

FOR 3-h TEST _ I /---FIRST SAMPLING P'.RIOD FOR 9-h TEST--_/"
I FOR 9-h TEST I FIRST SAMPLING PERIOD
I I FOR I._'h TEST

@ SAMPLING LOGIC _11-- S.,in(u_ca:t:_t DETERmINAtIONtl_) /
/ I

INTERROGATE _ ,J l _ UriNE,,,C._el_ DATA STORED

I I DURING THIS TIME FOR 3-h TEST
I CONTAINED IN WORD 3, Eli 6I I

j AT THE 3 HOUR DUMP PERIOD, AT LEAST i cc OF ALL URINE
SHOULD SE DELIVERED BY 3 h * S men

(_ UPv/CAL DATA i
STORAGE TIME / _ URINE DELIVERED _3 AN,_,LYZERS AT 3 h �10men

AND 9 h + 10 rain FOR RESP_CTIVE ANALYZERS

(,i cc REMAINS IN EXP ACC FOR SECOND CR'CR ANALYZER RUN)i'lP

O CA++ . / / .+ Q IM ,.. ::::.:_:.:,_:_:__:_;;:,

;  .CA SECO!PLaTE
CR-CR---I--- :::::::::::::::::::::::::::::::::::::::::;.:_J_---" ¢R SEQUr.NCECOMPLETEOSTRUN) ..............._,:.........

i _lt ! _ CR SEQUENCE"START (2ND rUN) /

i
_----- CR SEQUENCE START (IST R¢,'_ll AT CONCLUSION OF EXP DUMP CYCLE

NOTE. AT 0 h, SAMPLING MAY OCCUR. EXP ACC IS NOT EMPTIED AT O h rain.
AT 0 h, CALIBRATION SOLUTION IS DRAWN FROM CALIliRAT!ON FLUID BAG

TOPERFOXMCALIB_TIONSEQUENCEFORCan a._oCRCR

Fig. B-I. Fluid sampler sequence

i;̧

I JPI. TECHNICAL REPORT 32.1400
/',, I 24

• {

O0000001-TSD11





FLUID HANDLING BLOCK
, _ Ill I

_: _H% R[GU LATOR

_ (_ 0.3 10 9.0 i=11o

I GE WASTE

3

VALVE 19_,_ PUMP RETURN _, CONTAINER',ACCUM f_,,,_ jACCUM ' WASTF

! PUMPPk_"_# PUMP
' _ ELECT ,_* ELECT '+OTOR

I ANALYZERS
I J

Q AND PRESSUREREGULATORVALVE

Q WHICH OPENS TO ALLOW OVERFLOWINTO MANIFOLD AND OUT TO

Q CREATING A PRESSURE WASTE CONTAINERWHICH LIF1_ DIAPHRAGM

0 \ +Q) Q
AND UP THROUGH

HOLE TO TttE PRESSURE
REGULATOR

Q FLUID ENTERS BLOCKTHROUGH INLET

I

4

+_i Fig. B-3. Fluid.handling block-short-circuit flow
J
I
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!ii PAC_/RHO PACKAGE

...... FL0i6 ti_Nri."_N_-RCC_.........................

t _ FLUIDENTERSSAMPLELINE GE DUMP BACKPRESSURE

, _ FROM SCREENFILTER VALVE FILTER e1%REGULATORSHORTCIRCUIT-
p- |

_.a_K i 0.3TO,.O_.ioFLUmFROMRACK ..... _,._-- ......

SIOlOF ""3 _ ,1
' 1 ACCUMULATOR I I -J

,1 iqt'_• 1_ -, IELECTMOTOR MOTOR
BUILTIN THEPISTON)

t FLUID
REFILL

....... FITTING

- CREATININE/

"_'_,;AND DOWN TO THE _ _, CREATIN[ ._
BACK OF CHECK ___I-J VALVE I

ACCUMULATOR
PUMPDRIVEASSY

_----J @/,

,'WHICH OPENSTO ALLOW
FLUID THROUGH4 HOLES
BEHIND ACCUMULATOR

CHECK
VALVE

\"FILL" FITTING

CALCmUM® BACKPRESSUREOF THEPUMP . 6....._._

RETURNSTHROUGHA MANIFOLD _[CREATININF_/CREATIN_

UPANDTOINToBACKTHEPRESSUREsLEEVEREGUlATORFILTER ,, SAMPLEACQUISITION MODE J. ANALYTIC UNIT _

_*'/ PRESSUREON FRONT OF CHECKVALVE

Q DIAPHRAGMOPENS SMALLF'OPPETW..,,_VALVE2 AND
INTO THE "OUT" MANIFOLD

N ';"_'" " _.... AND PUSHESFLUIDS

_,_,ALVE I_ P" " " ++ OUT TO THEANALYZER

@"EMPTY"MODE !
BRINGSTHEFLUID BACK _1_

1HROUGHTHE4 HOLES ._ VALVE 2' _ 0

__,__ sAMPLED_LVE,YMODE

-! iiil/ Fig. g-4. Fluid-handling block-passage of fluids from source to analyzer
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FLUID HANDLING BLOCK

i iJ I e,i eo I _le i II io II I

,.,w...

_3 • 0 3 TO 9.0 mia
VALVE BACK FLUSHING _. |

VALVE I ACCUM PUMP RETURH

G[ WASTE

• CONTAINER

ELECT MOTOR

MOTOR WASTE PUMP
I_CCUMULATOR

PUMP

2

AN _LYZER

(_THE FLUID FLOW BACK FLUSHES
L, ANALYZER _ _'_ DEBRIS FROMTHE FILTEe

THUS KEEPING It OPEN
FOR FU11JREUSE

FLUID REFILL ACCESS PORT --"'_--" -, " ,,J

i

FOR REMOVAL OF URINE SAMPLE FOR
CONVEt,ITIONAL PRE-FLIGHT ANALYSIS

Q PRESSUREOPENS
WASTE PISTON IS IN FXTEND VALVE 3 DIAPHRAGM tO

, MODE, THUS CLOSING PISTON ALLOW FLUID FLOW
ENTRANCE THROUGH MANIFOLD AND

UP TO SLEEVE FILTER

FLUIDREENTERSTHROUGH
MANIFOLDFROMANALYZERS
ANDINTOTHEBACKOFVALV[3

Fig. B-S. Fluid.handling block-backflushing

28 JPL TECHNICAL REPORT 32-1400



FLUID HANDLING BLOCK

SLE_LVE "" BACK PRESSURE

FILTER REGULATOR +1% .I__ SHORTCIRCU,T___L--'_C- i
_:"l)uMeI -T____ i_ I _o _.p.i.

• VALVL I_ ,, FLUSHING I I" I uu

, ,
li---L'_',DSTORAGE]

PRESSUREREGULATOR EXPANDS AND
OPENSVALVEWHICHOUMPSWASTE
OUT TO WASTE CONTAINER

\

=J'(_ COMPRESSION BEHIND PISTON
I _J CAUSES WASTE TO EMPTY UP THROUGH

VALVE S AND OUT OF THE 4 HOLES
/ INTO THE PRESSUREREGULATOR

VALVE 3
WASTE PUMP PISTON I

IN RETRACTMODE \ /
(VALVE 4 CLOSED)

/
__,_ ' ___ _'i_ PRESSURECREATED BY WASTE PUMP PISTON

_... ,_: IN RETRACT MODE OF WASTE PUMP, PULLS

,_\\_ _,_ FLUID FROM ANALYZER LINES UPMANIFCL(J

_ TO THE BACK OF VALV_ 3 AND INTO THE

FRONT OF THE PISTON CAVITY

IN EXTEND MODE i

(VALVE 4 OPEN) e_

FORWARD MODE OF WASTE PUMP PISTON CAUSES CENTEI( SECTION

OF PISTON TO MOVE FORWARD AND THE OUTER SECI'ION TO SLIDE

_ o BACK TO THE PIN ON THE PISTON SHAFT, ALLOWINJ THE WASTE

,,_."ii/:i' TO PASS THROUGH THE PISTON FROM THE FORWARD SECTIONOF THI_CHAMIff.R TC THE WASTE CONTAINER

Fig. B-6. Waste pump operation cycle
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,._ '71

,_12SUPPLY URINE o r r .... '-.."" ....II blINLET

i 'I ,,1,N ' 1, JPL(PACE/..O) ,, _28LAY,._OF̂_U_,NI;',.
1" O':'_ MYLAR (SUP[K INSULAIION)

t 1 I ', EXPE,,MEN, 1.;,

__"__' :';,
N 2 BLEED L_ ... It" ._-4. -- _ --

' ,_ N 2 SOLENOID ORIFICE N 2 [MERGENCY I 41 URINE OUTLETI I FLUID _ -- -- _ ...... .,.I,
VALVE 3 VALVE l.l HANDLING PRESSURESWITCH I, I

BLOCK CONTINUITY WHEN t .I

N 2 CONTROl _t 7.5._. P _ 12 .S p_ia THERMAL CONmOL
'_IGNAL SURFACE

S/C :ILTER SCREENS
POWER (100-/,) (10-p, GE COOLANT LOOP

VALVES TYP)

'CONTROLLER
S/C POWER RLTURN

i

INTERIOR OF _E (P_F_/RHO)

EXPERIMENT IIOX

'°
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"1

• ,)

:i
PACKAGE

..., "''--''"-1 PLAIINUM llSB!S (l I)FLUIDS
L(_-- J OUT J 0.3, TO 9,0 p_io

BLOCK _ . ;_ - / I I...L..I . --BASE OF
._ vAcvl I ___ .7 TFLUlDSR_T'uRN 1/IGEWASTE/ PACF_'RHO

'i lol-l- o-I-I _IjillI \"I:_ L_.--_ RE.LL

__ --i_ _ FITTING ,--
'_ [ REATININE/

ii'_ ,.A.N,LY'IIC I" CREATiNE I II / _,
\UN. / ANALYTIC/ II

: ' THERMISTOR ' ASSEMBLYATTACHES NOTE

CAe �RINSEASSEMBLY TO BASEPLATE
(6 PLCS) _ HYPO NEEDLEIS INSERTEDTHROUGH

_,, ,_ 79.5 cc "'" . SELF-SEALING DIAPHRAGMFORURINE SAMPLING.
N2EOUALIZATION AND FLUID RETAINERREFILLING

= CA'' "
CALIBRATE l
B.0 cc

'_ ;: " CA** ANALYTIC
REAGENT "_ UNIT

214¢c I !
CPv'CR

CALIBRATE

5.9 cc ]
CRE_TININE/

CR/CR ACID CREATINE .

22.6c¢ I _ UNITANALYTK:jCR,'CR
REAGENT I .
I0.0 cc I " ",

CR,CRRINSE '-._4 ---. - - HANDLING238.5 cc BLOCK

COLLAPSIBLE "' "'"_.. -- . "-
FLUORIN_TLD ETH" d_."'_ -_ "

PROPYLEN[RETAINERS(8) "_....... - _ _/ ;,I2 [QUALIZATIOtt PORTS

SEPARATIONSHEETS _"[J _ "J" TO STOKAGERf.TAINFRS
(16 PLCS)

__" _ NaEOUAL,ZATIONOFPACKAGEINTERIORWASTE N 2 EQUALIZATION d

O 43 CPvCRREAGENT

" CA REAGENT "--. _- CIVCRACID

°:;' EXTERIORVIEW _ CR/CR CALIBRATE

t Fig. B-9. Fluid storage bags assembly nnd fluid refill fitting

i
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i! ;l'REAGENT

ANALYZER BLOCK
ROTATED 180°

,j _ REFERENCECELL PHOTO DIODE

TEST CELL PHOTO DIODE BASE PLATE
I

ROTATED 90 ° RIGHT _/_l.

EMPTY I , >1

BLEED A /_/_"_qr,_ COUNT LIM;; I___j..--A27 VALVE POS

/ 7" SWITCH, FULL --" AND MICRO-SYRINGE

SELECTOR VALVE V I S i r ; : WB2 CAL HEAT CONTROL
AND 10 V REGULATOR

(WBI CAL LAMP AND DRIVER
OPPOSITE)

CALCIUM ELECTROrlICS
• ASSEMBLY

i/. \ \
/ \ \ " W827 KS REEDRELAY ASSY

, WB21 K6 REEDRELAY ASSYI "

/!

PLUNGER DRIVE ¢SSEMBLY

TUB RELI , i _ /" /REAGENT PACE/RHC EXPERIMENT PACKAGE

___CALIB_ GE DUMP I _ HANDLING ;__._
6LOCK ' 0--................. i.... o I.--1,

VALVeI ........................ I :'--;_- _ f'_ IT- rl:utDSTORAOE_ASSE.._.MRLY-I GEWASTE
itl : ;!,Iolil CONTANER

_ _ _-_-______-__L_.-____j- FIT'flNG

I ANALVtIC J J CItEAtlNEANALVT_ct 4

Fig. B-IO. Calcium analyzer unit and electronics

I
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REFERENCECELL MIX

PHOTODIODE / ii

M
EXCESS""

I_EFCELL ..-

REAs EN=_ HEATER

LAMP FILLER

-_ REAGENT

TESTCELL CONTROL VALVE V2
PLUNGER

!
\ FILTER _ TUB

TESTCELL AHEATER

TESTCELL /1
PHOTODIODE J

\1

)IRECTION
OF ROTATION

A
THERMISTORS

4 ,REAGENT / I

I
\!

%ACID _,! /

_j "3 _'1.

2 ,/.X_'_SWITCHTA!'4G

_ REFERENCE
I / CHAMFER

TUBEXCESS

....t TANG ACID (CR/CRONLY) !
i REFERENCE

' /.' CHAMFER RI

SELECTOR CALIBRATE

VALVE VI

URINE

Fig. B.I 1. Analyzer test cells, valving, and optics
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CALCIUM
ANALYTIC
UNIT

URINE
ACID

TUBRELIEF/ CALIBRATE
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Appendix C

Experiment Package

Figures C-[ through C-4 present _lriou,_ yields of tht. exp_rilm_nt p_wkage,
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!iii

CALCIUM ANALYZER ASSEMBLY

CREAI"INE-CRFAI"ININE tm
ANALYZER ASSEMBLY

..w,_
FLUID

STORAGE
• CONTAINER

•- T 1

FLUID SAMPLING
ACCUMULATOR

Fig. C-1. Fluid-samplingaccumulatorand fluid storagecontainers-oblique view

i

1
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i i

< i

FLUIDSTORAGECONTAINER
CREATINE- CREATININE

_EHLISEMUM-------_ *NALYZER



CREATINE-CREATININE PACKAGEN 2 PRESSURE
ANALYZER BLOCK LIMIT SENSOR SWITCHES

CREATINE oCREATININE , .' "'_I,
ANALYZER ASSEMBLY ',,.

Fig. C-3. Creatine-creatinine data amplifier, creatine-creatinine analyzer,
fluid sampling accumulator, and sequencing electronics-side view
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INTI.RCOI,,tNECT
WIRE BOARD

Fig. C-4. Electroni_ sequencer interconnections
I
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WASTEPUMPLOGIC, CA SEQ

/

CR-CRWASTEPUMPlOGIC VCI /

i I i F-_ ......... 1 W_CCCA SIlO
_STEPUMPONCA = _ eu_eC¥CtE J v

WASTLPUMP =._ WASTE.PUMP
WASTEPUMPON C._-Ck -- CON:_OL LOGIC ORIVE_ _ COMPLEff I WPCCC_-C_ SEO

--k............. J L---_LOGICw_L--J =

URINE.TEST t I ]

CA WASTEPUMPINHI61TVCI

WASfEPUMPLOGIC,
cr-cr waste Pump innmlt vcio CI_-CRSe¢_ /

Fig.O-5. Waste pump logic

!
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   o.soLEsicCOMMA.°
Eo E, E_ FO_ _,_,F2_ _3F_

111111111
_.._! TELEMETRY 12.S pulseslsSYNC v I AND DRIVERS DIVIDE BY 16FROM _'C v SW_TCH BUFFER

/_ AGE PRESET

i ("_

OUTPUT MULTIPLEX_ROUTPUT --! OUTPUT ' 'v i i DATA OUTPUT TO S/C

I ' ! TELEMETRYISOLATOR i i

POWERON RESET dPOWERON TO SEQUENCERS
RESETPULSE

I GENERATOR

Fig. D-9. Data-handling system, dock
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_'_ ]. 12.5 H,_ dUFFER

2 200 kHz CLOCK

_,. ISOLATOR

4. t !5 V:tc I_ADOUT

I. ISOLATOR

_0_ 2. CLOCK BUFFER_I2.SHz): 3 HEATERCONTROL

4. MICRO SYRINGE CONTROL

5, PRESSLiREREAD(._UT

6. 6ATT SHUT OFF

7. z IS Vdc READOUI

B. INPUT, OUTPUT MULTIPLEXERS

BATTERY
CHARGE

w w

j ,owIPOWER tl5 Vdc : _ ÔATA AMPLIF'ERS
-- CONVERTER REGULATOR

+8 Vd¢ _ LAMP DRIVERS

_'4Vdc
IP' I_ INTEGRATED CIRCUITS

2. CLOCK BUFFERS

3. 200 kHz CLOCK

4. VALVE DRIVERS

S. POWERON RESET

6. '_4Vtc READOUT

PRESSURE PRESSURESTATUS
SWITCHES v

Fig. D-IO. Power supply
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Appendix E

Data-Handling System Calibration Curves

The curves in this appendix (Figs. E-I through E-10) establish the calibration
data for a typical experiment unit. These curves, when used with the information
in "Fables E-1 through E-3 and Appendix G, permit the reduction of the tele-
metered data (Fig. E..1) into ._t.ienee and engineering parameters as shown in
Tables E-I and E-2.
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Table E-1. Example of Fig. E-l--science-stored data,

r_ words 1-7' 1

Binary* Octal Telemetry Table E-2. Engineering and science data support-
Word read_.ut equivalent input, V Comments real-time data words, 8-16

Word Analog Telemetry
2 1000101 121 _J.203 33.2 C Ca" test readout inputs, V Comment_

cell temperature

*"' 't 8 1.50 1.58 Lampcurrent Cr Cr
3 1001010 051 N/A 10 urine dumps, no

ii_ dilution, urine 9 1.45 1.54 Lamp current Ca '
(word 3 decoder, 10 2.90 3.25 Lampvoltage Ca

Table E-3) 1i 2.85 3.20 Lamp veltag_ Cr.Cr

4 1000110 061 i .?53 12 mM creatine 12 3.85 4.38 Battery vultage

5 1111101 137 3.750 33.0 C creatlnlne 13 2,,_0 2.57 T _-: 28.8 C :_ 89.6 F
temperature

14 0,30 0.02 P *':*"12.5 psla
6 0000101 120 3.164 12 mM crealinine "F

12 mM creating at 15 3.67 4.15 4.V supply

__,L7 1 75°, conversion 16 2.25 2.50 '15-V supply !,,ormal) 1

[

7 0010011 144 3.945 32.7 C creatlne

emperature

ical "I" = Q -_, .t.0.7 , O..iV; Lo_jica!"0" --- Q = +4.0 ._0.$ Vdc
I

WORDS

I 2 3 4 5 6 7 8 9 IO II 12 13 14 I._ 16 _ 2

o

8 3

OJ I i I I f t I I l | _..J_ IL I
O I0 20 30 40 .,_ 60 70 80 90 100 I1_ 0 10 20

.... FRAME,n - -- _1I?,AME, n _ 1

Fig. E-I. Telemetry data formut (typical)
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1

_:_',it Table E-3. Word 3 decoder

Urine Urine/ Urine Ukrine/ second
Octal Binary samples alibration Co'" second Octal Binary samples calibration Ca

readout conversion taken test dilutioq readout conversion taken test dilution

177 ABCGEFG 0 U, ine Yes 077 ABCDEFG 0 Urine No

000 ABCDEFG 1 Calibration He 100 ABCDE'-----_G I Calibration Yes

0(,1 ABCDEFG 2 Calibration No 101 ABCDEF'_G 2 Calibration Yes

002 A'BCD"'_'G 3 Calibration No 102 ABCDEFG 3 C _:ibratlon Yei

003 ABCDEF-'-_ 4 Calibration hie 103 ABCDEF'-'-'G 4 Calibration Yes

004 A'BCD-'_ 5 Calibration No 104 ABCDEFG $ Calibration Yes

005 AB--CDEF'-_ 6 Calibration No 105 AB"CDEF'_G 6 Calibration Yes

006 ABCDEFG 7 Cellbratlon No 106 ABCDEFG 7 Calibration Yes

007 ABCDEF-'_ 8 Calibration No 107 ABCD'_G 8 Calibration Yes

010 ABCDEFG 9 Calibration No 110 AB'_D'LrI_G 9 Calibration Yes

011 AB'_DE_ 10 Calibration No 1i I A_-_DLE'_G 10 Calibration Yes

OI 2 AiJCDE-_ 11 Calibration No 112 _'B_'DL_G 11 Calibration Yes

013 A|C'-DEF-'G ! 2 Calibration N_. 113 ABC-DEF'-'G 12 Calibretlon Yes

014 ABCDEFG 13 Celibralion No 114 ABCDEFG 13 Calibration Yes

015 ATCDE-_" 14 Calibration ! No ! 15 AB'-CDEF'--G 14 Calibratlon Yes

037 ABCDEF"G 0 Calibration No 137 ABCDE_'G 0 Callbretion Yes

, 040 ABCDE"'_FG" I Urine No 140 _'C_I_FG I Urine Yes
141 ABCDEFG 2 Urine Yes_o

041 ABCOEFO 2 Urine No
142 ._D_'EFG 3 Urine Yes042 _,BC"_FC, 3 Urine No
143 ABC'_FG 4 Urine Yes

043 ABCDEFG 4 Urine No
144 A'1CD'EFG 5 Urine Yes

044 ABCDEFG 5 Urine No
145 AWCD[FO 6 Urine Yes

045 ABCD'EFG 6 Urine No

046 _BC6"EFG" 7 Urine He 146 ABCD'EFG 7 Urine Yes

047 ABCD-_'F_' O Urine No 147 ABCDE'FG 8 Urine Yes

050 ABCDEFG 9 Urine No 150 AB'_DEFO 9 Urine Yes

051 A6-CDE"FG 10 Urine No 15 i A8C-"D'EFG 10 Urine Yes

052 ABCDEFG 11 Urine No 152 ABC'-DE-FG | 1 Urine Yes

053 AB_DEFG 12 Urine No ! 53 AB_CE-FO 12 Urine Yes

054 A-JCD|-FG 13 Urine No 154 ABCDEFG 13 Urine Yes

055 AECDE'FG 14 Urine No 155 AB-CDE"FO 14 Urine Yes

056 _.BCD[FG" I 5 Urine No 156 ._BCDEFG 15 _Urine Yes
|

. •t_
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-- _ T = 25°C

6 i,
0 0.5 .0 1.5 2.0 2.s :.0 3.s 4.0 4.5 5.0

EXPeRiMENTTELEMETRY_SOLATORVOLTAOETOSPACECRAFT

Fig,_-_., isolatorvoltage transferfunction

J

ILUTION

3 _ DILUTION

i,/ /i j
' _
O0 2 4 6 8 I0 12 14 16 18 2u

CALCIUM ION CONCENTRATION, mM

Fill. E-3. Calcium anelyzor calibration curve-word 1
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I

5 i /

! ! 4 ........ /iI

i_ / Fig. E-4. Calcium test cell temperature sensor

_-_. calibration curve-word 2

_o

*-
V I -- •

,°
..o 0

tO 2O 30 40 5O

TESTCELL TEMPERATURE,"C

5

z 4 /
J

0 " J TESTCELL TEMP = 33°C

f

_ 2 f

_ -

' /
o _ _o _5 20 25 3o 3s 4o 45

CREATININE CONCENTRATION, mM

Fig. E-5. ¢reatinine analyzer calibration curve-word 4

3 ....

'_0

Fig. E.6. Creatine calibration in the creatJnine _ _ /

analy,er-word 6 _ | /

..... Oi J
0 5 I0 15 20

_ CREATINE CONCENTRATION, mM
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°............. r..........t 1 .........................

O S ........................

i' i

..........................t.........i X_0 i ...... I ,
28 30 32 34 36 38 40

CREATININE-CREATINE TESTCELL TEMPERATURE,°C

Fig. E-7. ¢reatinine analyzer temperature sensor
calibration curve-words 5 and 7
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Appendix F

Ground-SupportEquipment

Figures F-1 through F-3 show three pieces of ground-support equipment.
capable of simulating all spacecraft functions needed during systems and pre-
launch tests.
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Fig.F-I. Frontview of consoleshowing |xperiment StatusMonitoring Panel, VTVM, oscilloscope,and stripchart
recorderabe ,_ethe desk. Digital printer, powr,r suppliesand storagearea are below the desk.
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Fig. F-2. Portable Aerospace Ground Equipment (AGE) designed for self-cn,tained battery operation

*__1 to surport the experiment package during field tests and checkout operations.
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Fig.F-3. GantryAGEbatterypack.
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Appendix G

Analog.To-Octal-To-Binary ConversionTables

Table G-1 allows reduction of the binary-coded science data to be reduced to

equivalent analog voltages for comparison to calibration curves and for reduction
to scientific parameters. The octal eqaivalent columns are used to decode the
octal data recorded by the ground-support equipment.
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Table G-I. Conversion table"

_ L

Wards 0-16 Wards I-7 Wards 8--16 Wards I 7

Gate Quantising Binary octal octal Gate Quantising flinary octal octal

level inputs equivalent vquivalent level inputs equivalent equivalent

1 Q AUCDEFG 0 177 44 1 679 ABCDEFG 53 52

2 0,03906 ABCDEFG 1 0 45 1.718 A8_D_rF_ 54 53

3 0,078' ABCDEFG 2 I 46 ! .757 ABCDEFG 5.5 -- 54

4 0,; ! 71 ABCDEFG 3 2 47 1.796 ABCDFFG 56 55

5 0.1562 ABODee"-"G 4 3 48 1.835 _,8CD_F_ 57 56

6 0,1953 ABCDEFG 5 4 49 1,875 ABCDE-FG 60 57

7 0.2343 ABCDEFG 6 5 50 1.914 ABCDEFG 61 60

8 0.2734 ABCDEFG 7 6 51 1,953 AB'_EFG 62 61

9 0.3125 ABCDEF'---'G 10 7 52 1.992 ABCDEFG 63 62m

10 0.3515 ABCDEFG 11 10 53 2.031 AECDEFG 64 63

1 0.39062 ABC"--DEF'G 12 11 54 2.070 ABCDEFG 65 64

12 0.4296 ABCDEFG 13 12 55 2.109 ABCDEFG 66 65

13 0.4687 AB_DEF_ 14 13 56 2.148 ABCDEFG 67 66

14 0.5078 A"BCDE-'_'G' 15 14 57 2.187 ABCDEFG 70 67

15 0.5468 AECDEFG 16 15 58 2.226 ABCDEFG 71 70

16 0.5859 ABCDE-_ 17 16 59 2,265 ABCDEFG 72 71

17 0.6250 ABCDE'_ 20 17 60 2.304 AECDEFG 73 72

18 0.6640 A_E_" 21 20 61 2,343 ABC'DEF_ 74 73

19 0.7031 ABCDEFG 22 21 62 2.382 ABCOEFG 75 74

20 0.7421 A-BC-DEF'G 23 22 63 2.421 ABCDEFG 76 75

21 0.7812 ABCD"EF"G' 24 23 64 2.461 A'BCDEFG-- 77 76 i._Ib
_:2 0.8203 ABCDEFG 25 24 65 2.500 ABCDEFG 100 77

23 0.8593 ABCDE"_ 26 25 66 2,539 ABCDEFG 101 100

24 0.8984 ABCDEFO 27 26 67 2.578 ABCDI:-"_G 102 101

25 0.9375 ABCDE'_ 30 27 68 2,617 ABCDEFG 103 102

26 0.9765 ABCDEFG 31 30 69 2.656 ABCDEFG 104 103

27 1,0156 A BC'-'DEF'G 32 31 70 2.695 AB-"CDEF-'-G 105 104

28 1.0546 ABCDEFG 33 32 71 2,73, AB-CDEF--'--G 106 105

29 1.0937 ABC--DEF'-G 34 33 72 2.773 ABCDEFG 107 106

30 1.132 AB--CDEF'G" 35 34 73 2.812 ABCDEFG 1I0 107

31 1.171 ABCDE_ 36 35 74 2,851 ABCDEFG 111 110

32 1.2I0 _BCDEF'G 37 36 75 2.890 ABCDEFG 112 111

33 1.250 ABCDEF-G 40 37 76 2,929 ABCDEFG 113 112

34 1.289 ABCDEFG 41 40 77 2.968 ABCDEFG 114 I _,3

35 1.328 ABCDEFG 42 41 78 3.007 ABCDEFG 115 114

36 1.367 ABCDEFG 43 42 79 3.046 ABCDEF'-'G I 16 115

37 1.406 ABCDE"-FG 44 43 80 3.085 ABCDE'FG 117 116

38 1.445 ABCDEFG 45 44 81 3.125 ABCr EF'-G 120 117

39 1.484 AB'-CD'_FG 46 45 82 3.164 ABCDEFG 121 120

40 1.523 ABCDEFG 47 46 83 3.R03 ABC"_EF-G 122 121

41 1.562 ABCD-EFG 50 47 84 3.242 ABC'DEirG 123 122

42 1.601 ABCOeFO 51 50 81 3.281 ,BE'G 124 123

4_J 1.640 AECDEFG 52 $1 .__86 3.320 ABCDEFG 12.5 124

.'Q = Ioglcal 1 ._ 0 V.

= logical 0 _ +2.5 V.
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Table G-! (contd)

I I
Words E--16 Word,. I 7

Word_ 8- 16 Wards I-7 Quantizing Binary
Gate Quantiling Binary octal octal Gate octal octal

level inputs equivalent equivalent level inputs equivalent equivalent

87 3.3_9 AB-C_GG 126 I_5 108 4.179 A_C"DE_G _53 152
88 3.398 ABCDEFG 127 126 109 4.218 ABCDEFG 154 153

m

89 ._.437 ABCDEF-G | 30 127 1I0 4.257 ABCDEFG 155 ! 54

90 3.476 ABCDEFG 131 ! 30 111 4,296 ABCDEFG 156 15._

91 3.515 AB'_DEF-G 132 131 112 4,335 ABCDEFG 157 156

92 3.554 ABCDEFG 133 132 113 4.375 ABCD[FG 160 157

93 3.593 ABC--DEF-G 134 133 114 4.414 ABCDEFG 161 160

94 3.632 A-BCDE_G 135 134 115 4.453 ABCDEFG 162 ! 6 I

95 3.67, _coE_o ,36 ,35 ,,6 4.492 ABCOE,G 163 _62
96 3.7,0 _,_o_o ,37 ,36 ,,7 4.53, A_C--_E,G,6_ ,63
97 3750 _.coEro ,40 ,37 ,,8 4.570 _-_c,_,o__ ,65 ,6_
98 3,789 ABCD_FG 141 i 40 119 4.609 ABCDEFG 166 165

99 3.828 ABCDE---"-'FG |42 141 120 4.648 ABCDEFG 167 166

100 3,867 ABCDEFG 143 142 121 4.687 ABCDEFG 170 167

I 01 3.906 ABCD-'_FG 144 143 122 4.726 AB'-_DEFG 171 170

102 3.945 AB'-'CD'_'FG 145 144 123 4.765 ABCDEFG 172 17 !

103 3.984 ABCD"EFG 146 145 124 4.804 ABCDEFG i 73 172

104 4.023 ABCDEFG 147 146 125 4.843 AB_DEFG 174 173

105 4.062 ABCD-'EFG 150 147 126 4.88_ ABCDEFG 175 174

106 4.101 ABCDEFG 151 150 127 4.921 ABCDEFG 176 175

107 4.140 AB-'CDE-FG 152 15, 128 4.960 ABCDEFG 177 176 J

70 JPL TECHNICAL REPORT32.f400

O0000002-TSB13


